— -——_ 


— 


= 


Lu > VTOOOSY wn Er IO On roy A. PO. ed ns nee ie 
- _ _—_— i ” _— =_ . —_— 


—4 
AM 


| Chap.s . Reduftion of Solids to one ſum. 69 


Oo OOO AAS RR ECSSIESES 


bi» Ks 


"6 - 
I 
a X | pe ; = we 
i LES - i '®, . 
. : = Ss - "Ls - 
- - TR i ” 
1 "bo i 7 g | i by *v . # : wa ky 
ie 4 p I , - A : 
» ey . 4 6, 23 es >, 
"5 : % ** Þ ov n 
= + WJ of - wW 7 4 » 
7 o ®. < > 
_- 
= 4 - 
Ks, 0 
. 
. 


$222T/0K 


"CONTER IB. 


Chap.r, Explanation of rhe $ mbol; Page 1 MH. 


"5 


Addition, Subtrattion, «4,265 = 
Multiplication , Diviſion, \*I'\ "300 | 
Chap.2. Of e/£quations, 
Rules to finde the Roots in the three ſorts o , 
QOnadratique eAEquations, 
Demonſtrations thereof. w 
Reduttion of «Equations, 29 
hes 3. Reſolution of «Equations according to 
e generall method, 7 


Reſolution of Mixed Cubiques, 
Chap.4q. Of the Geneſis of « A£quations, _ 
of Roots, changeing them by Addition, 
Subtrattion, Multiplication and Diviſion, 


35 


Chap. 5. Of Surd Numbers, 75 

Chap.7. Solution of diverſe Problemes 82 

Chap.8, Of mixture, of Metals and Liquors, : 
verſe Propoſitions and Rules, 

Chap.g. Of Menſuration, the ſuper ficies Jas -.. 0- 
lids y of Giverſe Bodies , and fragments of 4 
Sphere. ' ITS 

Chap.te, To finds a» Slifes 'n ay piganily 24 

ap, 


" CONTENTS. 


I, Definition 8nefall of a Cone, Definitir 
op deſcriptions. of the $ eftions , ge 
age,  Aſymprers , and to finde out the 
+ s, Centers, and other things. 30 

Chap. 14. To finde two means, triſett an arch, 
 extrait the Raot of avy C ubicall or Biquadra- 
as e/Equation, nor propoſed in numbers, by 
tion of a Parabola, E.""2 54 

Chap. I5. Two Geometricall Problemes, 168 
Chap. I6. Of Dialling upon any Plain, with de- 
monſtratiens of the hardeſt 189 
Chap.t7. Of Azimuths, Almicanters, _ 
Homres, ©O'c, * 97 
Chap.18. What Se&ion diſtingniſhe th the lick 
=_ ſhadow, at any time on any plane. 21 3 
eA Table of ſemidiurnalt arches, for 32 Lati- 
tudes, 220 

e/1 Table of the Amplitudes, for 27 Elevations, 
221 

A Table of Honre-arches, for 21 Elevations. 22 2 

. The making theſe T ables, and for right A [cen- 
fronand Oblique, Aſeenſ onall difference, Ec... 
23 
Two Tables of componud Intereſt and Rents Gow 
Fro10 A Cent, for 31 years, 233 


L934. 


TO THE 


READER 


Pr Lthough no Book cati 
&© beſocopious,as where- 
in evety Reader may bc 
furniſhed with every 
A thing: which he Tooks 
C>&@&LZZ N8 for,yetthere is ſeldome 

p <wWE We ny thing like a Book | 
which may nor afford the Reader ſome» - | 
thing which he lookr not for. The hope 
that I may do ſo, may beraken for the rea» 

ſon why I writ :h6. But why I writ ths, | 

+ that is, Analytically , Paleſins, Lib. de | 
Philoſeph. Sacr. pag. 8. ſhall anſwer for 
me. St quis velit reſolutroum tenere 0rdi- 
aem, qui diſcentium nature magi ſe accom- 
A 3 mudas, 


<< - - 
ea ABEL. _—_— - 


es, mn nl Ren CO TO —_ 


To the Reader: 
molat , & petitionibus mings indiget , quia 
incipit 2 poſiremis de quibus primim om- 


aiam' continget dubitare. Thatis, If any 


one would hold the Refolerive order, 
which moreaccommodates irs felfe to the 
nature of Learners , and leſſe needs Petis 
tions, becauſe ir begins from: the laſt 
things, of which principally men happen 
rodoubr. 

The method here uſed is the ſame as in 


Maſter Harr:0t in ſome places, thar is, in, 


ſuch Aquations as are propoſed in num- 


bers. Andasin Des Cartes in{ome other 


places, that is , in ſuch Aquations as are 
Solid, and nor in numbers. Not tharthe 
Book is taken our of them, much leſfe that 
it proceeds continually with them , bur 
disjunctly , as I chought fir to intermix 
them among other things which are not 
in them. 

I ſhall uſe no arguments to commend 
the Mathematiques, or prefer them before 
rhe Dogmatiques, for this is but to write 
in prailc of Hercules, 

Yet this may be ſaid of them, thart al- 

, though 


v*E W _— - a 


i 


ny 


' To the Reader. 


though ſome bogily exerciſes conduce 
[more to health, and ſome mental labonrs 
more to wealth , yet nothing affords the 
mindemore pleaſure, or more profis, with 
leſle repentance. 
And therefore in adull ſolitude, or va- 
cancie of bufineſſe (both which may hap- 


| pen to Gentlemen) theſe are amiable come 


pany, which yield a delightfull and inno- 
cent expence of leaſure, 
As for that Queſtion (which is fre- 


| quent) What profit i 1ntheſe hard Studies? 


irnceds noanſwer, becauſcit imports the 
ignorance Or ialenefſe ofthe Asker, or ra- 
ther both. 

For firſt (and which may be reprchen- 
ſive to many Writers , that muſt not be 
called Authors,which of late have broughr 
up a faſhion to write in a 24479:ng way) 
he declares his :gxerazce , otherwiſe he 
necds not aske that which he knows, 

Secondly, If ſome Meats were recom- 
mended to a man, with which he is yet 
unacquainted (otherwiſe they needed not 
recommendation) it he ſhonld firſt aske 

| whether 
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To the Reader. 
whether they be good or not , that is, 
whether they would pleaſe his palarand. | 
ſtomach ? rhe Queſtion is abſurd, for he 
cannot know thar untill he have taſted ! 
and digeſted. So the idleneſle of the asker 
may from hence be diſcovered, 

Nor is there any profit tobe gained by 
any Science, Except the Scrence be fiiſt 
gained by induſtry. 

Befides, to think others, who being 
once entered herein, ſhould delight {0 


muchin them, as ro "make them a ſtudy 


all 'rheir life , if there were no profit in 
them ; .or.it i ir were {o, neverthelefle to 
recommend them to others, fenifies ano- 
therbad quality or wo , which I forbear 
ro name. | 

As for the difficulty of theſe Sciences, 
I muſt confefle that the firſt Aſpe&t of 
them may ſeeme uncouth and horrid 
( Radices doftrine amare ſunt, fruit 
 tamen dulces) yer there is no reaſon wh 

he ſhould be deterred hereby, and ack 
rather animared with defire to go as far as 
another , or elſe with ſhame to thinke 
| there 
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To. the Reader, 


there ſhould be ſo many Books in the 
world, cafic to others and uſefull, but to 
im not underſtood , and therefore uſe- 
leſle, 
/ In this following Treatiſe, my chiefe 
care hath beento readerit all intelligible 
ro every Reader, and I doubr not but 
ir will prove ſo to every diligent 
ONE, 

The Symbols and Canaracters herein 
uſed, ate ſuch as have beenlong accepted 
inthe world, without any innovation or 
fancie of my own, for although every 
Writer hath equall liberty herein, ro adde 
or alter, as he (ces (or rather thinks) fir, 
yet in my opinion, we ought not ro do 
[this without confiderable cauſe, or a kinde 
of convenience equipollent ro neceſſity : 
for without doubt , he that increaſerh 
theſe, increaſcth his Readers burthen, 
eſpecially if ſuch increaſe be necd- 
_ 6 

' Ileavethereſt to the Reader to cen» 
ſure as he findes cauſe, andirtisin vain to 
do ocherwiſe, for in theſe demonſtrable 

things 


& ”, 4 


” ' To the Reader, 


Things, the Readers detection of any error | 
(of judgemem) will be acceptable evento | 
himthat wrir ir, if hg be civilly acquainted { 
with it, bur the ſaid Readers detradtion j 
cannot herc hurt any one bur the Reader. 


- | 

* 
wa = AE conan. : 
Pa awd ah HY 
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ERRAT A, 


| Pas: 6$. line 2.read eee=ccc.p. y0,1,20.r. 

CoEEI==729. p.76 1,21.r.24/ g=uy/ 45-p.96.L 

, | 26.r.Propoſition.p.113 at Setion 4,deleExcl.12, 

, | 7.andat Section 5, write Eucl.12,7, p.124&p. 

; I29.1n the Diagram the letters x and yare to be 

\ ſupplicd upon the Diameter « c,ſee p. 128. 1.19.p. 

I 34-1.16.r, Umbilicw.p.138.1,8.r.fh, g ozh&c, 

p.151.1.1,r,z=132.p.178.1,28.r. for praiſe. p. 

| 183.1.1.r.right angles.p.185. the ſame diagram as 

in p.183.ſhould be uſed, p.187.1.13.r.Circle wwe. 

& 14046 5.p.199.l, dele of. p.203.1.1, dele che, 
p.205.1.17,r.the ps fb. 
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E Preface. : 


Lthough in pe rite 
i. Mathemariques', aild c« 
ſpecially the Andlitiques, 
A are eaſier in the beginning 
#..then proceeding or the 
hardel is reſervedforflalt} 
the Principles',, Petitions, 
and Definition 5. alſo, ic , 
| dome-mecting any! .oppoſt- 
. -tiofz being (for the molt) firſt fghr leſſons roll : 
yet] hayc: thoughtfir; tor ſome: mens fake (who 
expeR it inall Books) to premiſe ſome initiary 
things ſo eaſie;'and fo'well known already , as 
muſt be xeceived.by every. one.; Nevertheleſle, 
that it. may. not {reme trifling.” t the., already 


| 
| 


knowing patty, will notbe anple, A 
= "Common Sentences. 
1, Gzaater, Ms bo 
AcFhe tick. 9.10 16158. 
2 Equall to that which is greater, TX F 
| 2 ah ea 59 pil] ja: Ol 
21T x A; diviches 4 


ee a a Me OOO a 
Ch ” - 


d = ST CRE» +%X I 43YD | 

& Greater then that which is cquall, Ewc/;d 1.16, # 

7 Any up. Luna or equall added to great= | 
er or to leſſe, is greater then it, Exclid 4.17. ' 
$ Where the parts are greater then the parts, the 


whole is greater then the'whole, © +)» > 
9 Of rwo - ram z that which hath greater-pro- 
portugn to 2 thud, ww” 2 
11, Lefle, 


x The partthen the whole 

2 Equalltothelefle, | pL MOCAY | 

3 Lefſe then the lefle, by I We o 
Neither greater norequall, 

; Andfo by a way contrary to the former may {| 

be formed all that's' Leſſe, 


- IL, Equal things, 

s That which is commune to two others, is equal 
to it felfe as in Exclid 1. 5. anangle is 
commune, and 1n £xclid 1.7.8.9, 10, 12, 
12, a ide 15 commune, 

2 Thoſe: which are equaltto the fainething, 

3 Whichare cquall to equall things, 

4 Which are equall to nothing, 

5 _ whole of equall-thwnps, added'to equal, 

X.2, | 


GThe remain of equall things taken from equall 
things, 7 The 


| (3) 
4 The whole of equall things added to a-com: 
mune thing. Or contra, Excl.1.6.9,10.11.12, 
JT $8 The remain of equall things when a commune 
p | , / thing mm deducted, 
- | & Yertixall angles. 
10 The ReRtangles of the Mearis and Extreams; 
E _ tt Things whichagree among themlclyes, Ax.8; 
this laft is proper to Geometry, 
- - 12 That. which 1s not _ unequall;; that is neither 
| greaternorlefle: this 1s proper tO homogene- 
als, for heterogeneals admit no compariſon, 
13 The whole toall the parts together. 
4 The halves of the whole. 
3 15 Whoeſchalyes are cquull, | 
* 16 Whoſe partsareequallm Number and Mag- 
mrnde; | 
J.6 | Whoſe Doubles all 
1 #7 WhoſcEquimultiplices Fare a RES. 
18 1fthe parts beequalito the parts, the whole 
1s equalIto the whole. | 
y t9 If nothingelfe be <quall beſides the thing 
Is ſuppoſed, that thing 1s equall. 
, 20 Which havethe fame-proportion to the ſame 
| thing. Me | 
21 Thoteto which che fame thug bath the ſams | 
proportion, | | 
22 Of four proportionals, if the fiift be-equrallto 
L, the third; the tecond 15 equal withe foank 
23 Ifrbde be twice three Magnitudes; which ta- 
I! -. ken by two and two are _—_ ———— 
2 - 


ax ano rs. Ot xo << ww ——, <4 , ww ec—_—oe—_ - 2» - 


(4) 
' if (of zquality ) the firſt be equall to the | 
third , the fourth is cquall to the fixt, Ewclid | 


. 20, | | | 
| $4 If there be twice three Magnitudes, which 
| taken by twoand two, are in the ſame propor- * 
tion, and the proportion be perturbate , if the * 
firſt be equall to the third, the fourth is equall 
to the ſixt . Euclid 5; 21, 


I'V. Agre&ing things, 
x Are ſuchas are <quall, and of the ſame kind, 


V, Unequall things, 


x Greater or leſle, | , - ® 
2 The whole and the part. HAS 
'3 The whale, whena commune thing is added to 
wall things, 
4 The whole, whenan equall thing is addedto } 
, unequals, Exclid1i, Ax.4. I 
5 The Remain, when a commune or cquall thing. 
as 1s taken from uncquall thingy, 


V I. Double, 


x The double of the halfe. 
'-2 Twoequall things taken together are double | 
to one of them, 
3 The double of that which is equall. 
4 That'which is equall to the double, -- 
- 5 If the parts be double to the parts, the whole is 
. double tothe whole, // © 1 6 The 
4 £ 


/ 


| (5). 
The 6* proportion of like figures to their (ides of 
like proportion, Exclid 6, 19. 


h | 

"B > ' V I I, Pale. 

ie © rx Is thehalfe of that which as double, 

I 2 That which 1s equall to one of two equals, is 


the halfe of them together. 
3 The halfe of an equall thing. 
4 That which is equall to the halfe, 
' 5 Theproportion of like fides to the proportion 
of like figures, | 


| VIII. A thing is, 
3 1 If nothing elſe which-can be propoſed is the 


= thing, then this which was propoſed 55, Or,, 
| 2 It any thing elle beſides that | BY be put, 
F and an wmpaſſibility follows , then this which 


| 

was ſuppoſed zs that which was ſought. | 
| 2 If that which is ſuppoſed be nothing ele, then | 
> 1t 25 what was required, Or, | 
4 If this which: is fuppoſed being put for any | 
thing elſe, an impolfibility follow , then it # | 
what was - required, "oY 


5 That which necelfarily follows from that which 


7, ; | 
6 Which put for not in being, there follows an 
impoſſibility, | 
IX, Something, 
« 15 that which if any thing be added to it, it is 
SY B3 more 


| (6) 
more, orif = thing be taken from it, it is leſs, 
or to which if nothing be added, it is the ſame, 
2 LL. which if lefle then nothing be added it is } 
_ tele, | 
3 Ifleſſe then nothing be ſubſtraRed , it js more, 
& Which multiplyed by fomething is more, 
s Which nulciplyed by nothing 15 nothing. 
& Which multiplyed-by lefle then nothing, 15 
lefle then nothing. - 
6 Orthat which divided by 
Nig is leſle, 


Nothing, 1s nothing, 


Leile then nothing, is lefſe then nothmg, # 


X. Nothing. Trig þ 
* x Is that whichaddedto, or taken from ſame- 
| (1 thing, or leffe then nothing , leaves itthe ſame 
Ll 3t ws: and multiplying or dividing ſome- 
thing produceth nothing , but takes the thing 


"Mil quite away. 
fl + X 1, Lefſe then nothing, 


IT Is thatwhich added to ſomething makes it les, 
2 Which fubltrated from ſomething makes it 
more, 
: 3 Which added to leffe then nothing makes it 
(t1]l lefle, | 
& Which taken from [zfſe then nothing makes it 
more, 


5 Which 


4 
bu 


{ 


/ 


' 
. 


(7) 

5 Which mulciplyed by ſomething gives leſſe 

_ then noxhing, 

6 Which multiplyed by leſſe then nothing , pro- 
duceth ſomething, | 

7 Which divided by ſomething, makes lefſe then 
nothing. 

© Whichdivided by lefle then nothing , makes 
ſomething , | 


X II, Unity, 


' x15 that to which if unity be added it is doubled, 
' 2 Fromwhich if unity be taken, ir is nothing, 


+ 3 Ifmoxe then unity be taken,it is lefſe then no- 
thing. 
1417 lei then ny be takenit is leflethen unity, 


5 If lefle then nothing be raken, it is more then 
unity, 

6 Is that-which cannot be muſtiplyed or divided 
by unity without remaining the ſame. 


7 Is the difference of the' two greater (ides of a 


reQiling reRtangle triangle : or may be ſo b 
reduction of the ſides wy, oh numbers. 27 
Corel; ag Cap, 7 Prob. 3, 


Propo- 


i. Man. 44. - : 


—_ 
Propoſitions of Euctipe, 
fit to be known-to- the 


. 
Ln * 


L 


AnaLisr. 


Tn the firft Book Prop. 6, 135-145 15, 18, 19, 28, 
3224347548. Inall in, | ; 
In the tfecond book all but the. eleventh, and laſt, 
inall 12, obo 2 ks 

' In the'third, Prop. IJ, 20, 22,31, 32,35, 36, in" 


s 


alt 455 3 y | & 

In the fit Book, Prop. 15,16, 17, 19,24, 25, | 
inalls, | | «.: «7 * nd 

In theft Book, Prop.'4; 3, 4, 6,5:8,13;14; 


a jt 


: I6, 19; 24, 31,m all, 
Many more propolitions out cftheſe and the 
remaifiitig Books- night be uſcfyll : "But theſe! 
48 Jaſt reckoned ate ith a3 (41 my judgement) 
ought chiefly to be read2and remembred, for al-\ 

ſiting to attanand reſolve Equations, ' 
Now'whereas'it is [4HU w/the enſuit'g Chapter, 
that vowels are put for th 98 riknowngdr foughts 
and conſonauts eyer for known things , it is 
to be noted that ma Scheme which imployetlt 
elmolt a]l theAlphabet theſe are promiſcuous. 
Butur abbreviation or demonſtration, where- 
ſocyer one {ingle letter is put (or ſuppoſed to be) 
equal to any line or number, although the ſame 
tters which beforc deſigned the Diagram 


be, 


IC 


ad 
nt 


Wy 


-againe uſed herein,yet ina different acception; 


7 For whereas in theD1agram they hgnified points, 


now they.ſtand for lines or 2p. 4. And eyer- 
more the conſonants ſignifie things given or 


# known before; and the vowels (although all pre- 
* ſem) are ſuppoſed- equal to things which are not 


yet.known, but about to be found, 


+ Onelythe youel o is ſeldome uſed in this ſenſe, 
' becauſe it is uſurped in another, that 15 to ſignifie 
# nothing. As 4 — 6 =0, ſignitics that # want þ 
-: 1s equal to nothing : or that 4 is equal to 6 where 
| the* yowel o ſtands for a cipher, thatis nothin 


q On the. other fide the Greek yowal y 18 uſually 


, put for any inknown quantity, 


Definition I, 

The unknown Quahtity of any xquatjon is 

called /generally Poteftas;ora Power, dadioy, 

or Terme.: *Low Ks | 44 *1 
Definition IT, - 


| A. Reftawglers in numbers the Proagtt of two 


numbers mu uplying one another. . | 
- In Geometry 1t 15 the Area, ſpace, or content 


of a right ahgled quadrangular figure, made allo * 


by multiplication of rwo'lines, which are-called 


the ſides; -of which one is the meaſure 'df the 


breadrh the other of the length, 
Definition 


I I ys ty na een nay, 


(10) ; 
Definition IT I. 


A ReftangledParallelepipeden is the produQt of | 
a ReQangi meltiplied by a right line ormumbers | 
And if that line or number and the Tength and 

breadth of the ReGtangle be ſeyerally equa] it isa © 


Cube, or Die, 
Definition IV. 

A. Priſme 1s a Solid contained within five ſus 
perficies of which three are Quadrangular, and 
the other twobeing oppoſite, are triangular: Or 
t is like the top of an ordinary Engliſh bouſe cut 


oft by a Plane paſling through or parallel to the 


The reſt of this kinge I ſhall not define here 
but referre the Reader to Exclid, 


Thenames of the Poteſtates 
or Powers. '. 

7 Fhe fir Power iscalleda Side, or Root: 
The later word Root is moſt uſed here; and it 1s 
fnied ths, Tt 8 
_ 2 Theſecond Power- is called a Square, and 
35 thus written, 4 4, £ 
3 The thurd 1scalleda Cube,and is thus writ 

ten, 4 in - rs for brevity, 4 * 

4 TFhe a Biquadrat or iquared ſquare 
anciently a Zen hx rw err thus 3 Ton 
thus, 4 4 42, or for breyity, 4%, 

| s The 


(11) 


5 The fifc Power 1s called a Surſolid, and 1s 
ber: | Ivrrizten thus, 4 4 44 4; or briefly thus af. 
i 6 The fixt, 2 {quared Cube, or zenzicube, 
is2 © waittenthus, 444 4440ra%, — ; 

# + The ſeventh, a ſecond Szrſo/id, and is 

; "written A 444 44 4, 0r more ſhort 47, 
$ The eight ls called a fquared ſquare ſquared, 

lu® or zenzi wenzi 20855 zenzick, and is written 
nd 14444 4444; orthus 4*, 8c, 


Ir | 
ut - Conſeitary F. 
he Henee it is manifeſt that theſe powers uninter- 


Conſetary I 1, 


J - Itis alſo here plaine, that every | Power hath 
: ſo manydimenhions, as the letters, with which it 
> 1s writtth, For 4% being written with toure let- 

; {| ters, if one letter ſtand for one dimenſion, that 

; 1s length or breadth, the other three ariſe oy three 
q {everal Mulciplications, and every Multiplication 

| addes a dimenfion, in this ſenſe, - 


A — 


— — — _ 


| 


6gÞorbLgt 
87LL1thEr 
LogESfob | 
969LLook 


9ITL_L_gr1 TL14607z 
Ioghg/ 5 EvSErg 

9196Lg 1} of65e | 
$72906£ | 


IzL9þ » 
9 Lot | oa r8 rbbrgs 6F065S I959' 6zL 
969Þ | zrc 
IcÞz | £þE 
96z1 | g1t 
$79 | Cry 


Þb1zge | gg. :£ 
6Þ9L11 Logg1 
9499Þ | g{lL 
£zgCcr 
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916 
Þg 0 


acl 


T 
I 
I 


wed 


%%p 3091qeg, 


| 


” ta one operation, 


(13) 


Inthe former Table, the Digits at the top 2, 3, 


4, &c. Shew the Columnes of the ſecond, thu, 
24 fourth, &c, Powers, 


TheDigits, at the left fide, ſhew the ſeyerall 


# Roots orfirſt Powers, and their proportion to 
*% . . © : 
7, Unity. All the reſt is evident, 


And now becauſe towards the end of this litle 
Treatiſe, I ſhall happen to ſpeak once ortwice of 


: Arithmetical Calculation;The Reader may here- 
? by underſtand, that ſuch Calculations are uſually 
* (and molt eafily) performed by numbers afſumed 


in Arithmetical proportion, called Logarithmes; 


' of which I intend to ſay nothing, ſuppoſing any 
- Reader converſant about fuch things wheeein I 
y uſe them, cannot be ignorant of them and their 


uſe, 

Such as be, ſhould read that firſt, of which 
they need no better (nor other) inſtructions then 
ſuch as they may haye in Mr. Norwoods doctrine 


z of Triangles; which 1sa Book not yery deare, 


But to ſuch as have not that, thele follow- 
ing dire&ions may be of ſome uſe, 

I In every Spherical triangle which hath one 
right angle, or one fide a quadrant, all the other 
five parts(for every triangle hath 6x 1n all, that is 
three ſides, and three angles) are called Circular 
Parts . | 

2 Oftheſe Circular parts, ifany two be given, 
the reſt, that is, any one of the reſt,ray be found 


3 For 


(14) 
3 For thoſe two are cither adjacent, or remote 
'or oppolite : if adjacent,8 the partrequiredbe allc 


adjacent (or cron) to one or either -of them, 
then that one fo touched on the one fide by a paxt 


given, and on the otherfide by a part requited,}# 


may fitly be called 
The Middle Part © 
And it is a demonſtrated truth, that, 
As the tangent of the known part adjacent, 
is tq the right fine of the middle part; 
So 15 the Raduws or Semidiameter, 


tothe tangent of the unknown, or required © 
part; being allo adjacent to the middle part, | 
And therefore, if inſtead of the natural! fines # 


as before, 


and tangents, the Logarithmes be utcd,they being 
in La proportion, the ſumme of the 
two middle termes 1s equal to the ſfumme of the 


two extreames; And jo here, the fine of themid- |. 
dle part ples Radius 1s equa} tothe tangent of the | 
o_ part known plas the tangent of the þ 

re | = = 


of the a 
part Icquired, 59 BT). 2. 
I hope the word p/zs needs no interpretation, 
Note 1, It is notwithflanding to be eyer xe- 
. membred that eyery of the five curcular parts maſt 
be conſidered two wayes; that is whether, itbe 
contiguous to the right angle,or quadrant; if {o 
then * betore 1s xs od 4k rn | 
Bur if nor ſo,that 1s,if ſome other patt lie begwixt 
them then all that hath becn ſayd of theF£ fines and 
tangents 


Þ. = e&'nvwd wi at 5 


(t5) 


ents, which were then ſuppoſed contiguous 
—_ be performed by the fr CS 
mm, tangents ofthe cofnplements of ſuch of the parts 
art] reſpeRively as are remote from the right angle or 
2d,F quadrant,” _ 

* 4 If nowthe twoparts given be remote, and 
the part required he betwixt them, then make the 
part required the middle part, and it may be found 

{ as cafily as in the former caſe, 
* 5 Ifthe twoknown parts be contiguous , and 

* the part required adjacent to neither of them, bur 

:d | oppoſite to one of them, . then (working (til by 
t;  Logarithmes) make the part required the middle 
» part and then the fine of the middle part plz 


s ” Radws, 1s equal to the fines —_ of the 
o Oppoliteparts given, if therefore from thoſe two 
e fines complements added, be taken Radius, the 
2  relt isthefine ofthe thing required, 

- 8 Note-2, Tt is further to be noted that the fines 


| complements of thoſe parts which by the former 
: & notearcaccompred complements, are the {ines of 


the things themtelves, 
| Example. 


In the triangle = p 5 let pbe the Pole, 5 the Surs 
and z the Ztmith z ps, the hour from noon 18 
Winter, or the hour from Midnieht in Suramer; 
pz 5, the Azimuth from the Notth; and = sp, 
the angle of poſition: and 5 + be go Dey, as at 
San-ric, | . Thea 


Then firlt, fine = plu Radius, 1s dad to tan- 


gent = lement z pplus tang. s, 


: 46 


ndly, fine compl. p I Radins is equal | 


to pc compl,' pz plz tang. compl, p 5. pou 
Not. 1. 

Laftly, (by the 5.direRion )fine compl, s p 
plus Radius 15 equal. to the fine of p& plus the 
line complement of z; becauſe p.z.15 accompred 
a compl. and z not ſo. Note 1. 

And if inftead of a, quadrant ( as & 5) there 

were Tight angle, at p, or at zor at 5, the afore- 
going direRions ſerve. 
Ifthere be neither right angle nor quadrant,there 
muſt be two operations to do this, haying firft 
ſuppoſed a circle to paſſe from one of the angles 
to fk the oppoſite kde e (produced when nee es) 
at right a 

This upeekicular circle ſhall fall ſometimes 
within the triangle, ſometimes without. 

. Within,when the other angles are both obruſe: 
'Or both acute, as .at the hours berween fix and 
ook axe.the angles atpands, .- 


FR (3.4 


-In 


- 
- 
” 
* 
» . 


F 


« x 3 
In lerting fall the perpendiwular,Mr, Norwoedd 


advice is to doit. 

1 From the endof a fi de given,being adjacent 
ro. an angle Lryenger it fall oppoſite to that angle. 
'l e—_— in ſome part the ſide required, 

Y - Jo 3 And aphere if is maybe) the angle requi- 


 *xOne of the moſt Uifficulr eaſes in oblique ans 
C gled VE triangks is this. 


/ Tnthe exrang pz 5. Letthere be piven, 
— Elevation pz = JbeoP.-- 
| comp. Declinati, p = 66.29" 
comp, Azumuhpze= 570, 0” 
; To find the complement ofthe Suns Altirnde 
Z $=75. 45 enlebtonr te and from p; 
I _ = 14570 reoit: t hen, 


E . - 


©; © hay 


Pufty mbking p + # og array | FOTO 


*. = 
. wo _— 
_ 


part) 5.c. pe, plus Radius j 
From which taking the tangent of? © 
che Eterariont.c..£ KJ. .. C 0 cds 
Renuinozang.ofs e==33.12/7, 2 6 | 94343392 i, 
Secondlyyco ne compl, 8 |» - "99845347 | 
vr - of Declinatzoy, S&. 5: g60bgyor 
The ſurame of them is i958 55248 


From which taking finc Eleya. s.c.pz 98937412 Þ 


Remains(the ſine of 29,27 13.c.60.33'96917696 | 
To whoſe comple. 60,33 adding®e= 15. 12", 

the ſum is 75. 45” the thing required, 
Whereas, if the Azimuth it ſelfe p z 5 were 70d, 
then 2 e being taken from 60.33, the reſt 45.21” 
1s the Suns Altitude, , | % 


 & — 


R ——————— eee teeteratrnnch 
\c .n- = GAR 

eArexplanation of thi Charafters and Symbols 

i" afed t6 this Wark, © i 


Irſt, One fingle letter ofthe Alphabet is uſu- 

Fay put for any quantity whatſoever , as well 

Line as Nurtber , whether known or un- 
known. "- | : p 

But forthe moſt part, where any quantity 1s 

'S ITE fought 


» 
: TW 
15 | ſought, there 4 or, ſome other Yowel is pur for its 
j and the other Quantities known, are fignified by 
Conſonants. | | 
Theſe one are an___ one 1fito another 
— | by jovni m together without any pricke or 
$82 i CnNG _ doth it import 5 Lf which 
47 is firſt or-laft written : for 6c d, bd candc& dj 
7 areall one, | | 
y Sox mulriplycd y 4 produceth 44. 
45 And amultiplyedby 6, produceth «6. 
® Andabmultiplyedby ec , produceth ab c. 


| > itzsdone by taking Fr 4 under the 'lme, 


+ - If the ſecond wereto 
4 it is done by takin 2 the Degominator 
7 bc and the product” bebe —fb+ rc 
* {F + Forall Fractions aſwell. 3ri Plaine as in Figu- 
y rite Are nothing elſe but Quotients 
: of one number diyided. by 4tjorhier; and are mul- 
1 & Uplicdigain by taking 4Way their Divifor, ard 
line of Separation, | 
Divifien is done in Figurative Arithmetique, 
molt commonly by applying ſom: line of ſepa- 
ratzjon berween the gr” = and the an” 
n | 


(26) 
Aa | ab | 
: 6 —is/4 dividedby 6, And—— ignifies - 


that ab c is divided by f. J 
Bur yet if the lerter f had: been found in the 

Dividend , the Application 'of this line” had not 

been necellary, for it might have been better done 

by taking away thatletter out ofthe Dividend, 


So « f & dividedby f quotient is # c 'h 
__ — .C quotient 1s fe p 
vff quotient 1s c © i 
P c.c quotient is ff 

by f f © quotient.is' c 

by F< © quotient is f 

f- quotient is f & © 

e quotient 1s f 


 Andthe; like may caſily be if at 3, 
the reſt, 


Majoriry > 

1, 4/7, | AMinon < i: 

yr 4 SubſtraRion © .,, =; 

| Root of a quantity. nt 
\Proporionalit continued. 1 oo Wo 


- Proportionalicy difjun - 7 ” F 


(2x) 
” $So b>e ſignifies 6 greater then 8 
j b&= cv+++ +0 b Tefſe then & 
a 


þ =c++*-++*þ equall to c 


b +c* +++ +++7 2dded to b 


" þ —cv++++0» c taken from 6 
6 y 7 fignifies the {quare root of 72,8. 


And 6 c” d” f”” fignifieth that 
Jas bis toc, fois ctod, and ſod tof, 
* Likewiſe 6 6” f! g” fignifies that 
Has bistoc, ſous f to pg. 
2 . Theſe things before exprefled arc almoſt gene- 
* rally 63/43 and uſ:d not only for brevity 1n 
i writing, but perſpicuity un proving , as will be 
” ſeen hereafcer, 
Note that whereſoever — is not exprefled, 
there is underitoodthough it be not expreſled, 
-- Allo in Trigonometrrie, Iulc,s. pz s, for the 
| fincofanangle pz 7,ands.c. z p forthe fine ofthe 
| complement of a fide pz. to go, Allo,t, z-pand t.c, 
 (3-5p = fortangent ofz pand tangent of the com- 
| (2 plement of 5 pz, &c, Allo for Radws Iufe r. 
.* Ifthe figne of Addition, namgly + ſtand be+ 
& fore any quantity, it ſhewes that quantity, to be 
more than nothing; that 1s fomething, - 
L ' Burt if the {igne of Subltraion,ro wit — ſtand 
before any quantity; it ſhews that: quantity to be. 
lefle than nothing: or a want of the 1aid quanrity, 
Soe +: 4» fignihes four of any thing: but — 4, - 
ſignifies a wapt of four,or four ktſe than nothing. 
- C3 . 1n, 


(22) 
In ADDITION 


*# 
$ 
- 


The addition of a want of any thing, is all [ 


ene with the ſubtraQzon of the” fame thing. 


So ifta +; 12 youadde.- —5 it makes +7 
And ifto +12 you adde — 16 it makes — 4 
Bur ifro + 12yau addde-t-16 it makes + 28 


In SUBTRACTION. 
The ſubtraction of = is all one with ad- 


ding 7 
- YSo'if from P I2 you ſubtrat — 5 remain. is 


And if from S-12 you ſubtract — 16 remain. 
28, 

gy 7 of to + and Subtration of — 
from — is all one with Common Additionand 
' Subtra&tion, And generally for both, 

* In' Addition, addthe quantities together with 
ths fame fipne. 

In 'S#btrattion 7 adde them alſo, bur allthe 
fignes of that which 3 is to be ſubtraSted from the 

ether, mult be changed. 


Example. 

Ifto-6— 2-+ 3, beadded +-5-+ 1 —3 
pms A345 ors: 3=10, 

; But :3f trom ebwernche3, be ſubtracted 
+ 5&1 — 3, the remain is + 6—2 + 3 

$I 3 =4 This Rulets generall, and 
«209; mt, In 


ks v» oo S-" wo. 


(a3) 
In MULTIPLICATION. 


all | -þ mult; fied by ever produceth 
L a gi des by — ever a a 
| = - multiplied by — ever produceth + 
More Varieties there are nor, 


4 
8 , The quantities that are accompanied with 


theſe fignes of +- & — (in both Mulctiplyers be- 
Placed one under another, 'as in comon mul- 

At "tip cation) muſt be multi iplyed every one below 
 ,antovery os aboye, and then this work 15-done, 

s  Soth, 464-6 — Cc, be multiphed by +f 


” —g placethemthus. 

- bb4-t—c 

W_- FT = 

| Saying, + f oukiplyed into +4 into +6 b gives #7 G gives o-bbf | 


And f1 into -þ þ g1ves 
And-+f into — conyes 


- And.— g into | 6 Y g1Ves | _ a 4, g 

| And — Cinco bgives — bs 

4 Laftly, —g into — © gives + cg 
* Which added | 

Ws: dons hay js. $f — bbg+f b—fc—bg+ cg: 
Which i 15 the true produR, 


In DIV FEION. 


v If the line of ſeparation doe not ſerve the turne 
that is, if any defare,(and it may be done) other= 
£ C 4 wiſe, 


 vidend, and not in the'Dayutor, it mult be in the __ 


| might be given:but eyery one likes that beſt which L 


K34z) © 1 
witk it nuſt then be by ſeeking what quantity | 
may be mulciplicd bythe Divilpc to woke the 
DE 464-4 bf—b i 
So -1 C bf —bg—cg | 
_ wh divided by, & + 4 - h _ ues 
nade what mixt quantity multiplying þ 4 c —. f 
Gol produce T + bc — bf —bs ara. 4 
- HON 
Is which there 1s this of Compendium, that .. 
ſecing the Dividend confiſts of fix members, and 
the Diyiſor of three, the quotient muſt be of two; 
that is a Binomial only, : | 
And becauſe the quantity g is found in the Di- | 


"+ " lr Wl. BY. 


quotient, F 
* The ſaid quotient I-GTY muſt be one of 
thele, þ b — g,0rg —b, $4 
It SIA he blk + £, into — f would - | 
have produced — fg: but inthe Dividend it is 
— ul g, therefore it muſt be —g, | 
the ſame reaſon it cannot be the laſt, as | 
alſo a) — b, into +6 produceth — bb, 
but it is + 6 6, in the Dividend, 
* The quotient ſought, mult therefore be 6 — g. 
Some further Rule for ſaving labour herem 


be finds out himſelf.Nor is it my purpoſe to write 
a Booke of Algebra ; but to premiſe to much of the | 
Rudiments thereof, as the Reader may fland in | 
need of tn perufing the following Trearile, & 
EOS. Whoerein | 


ity - 


(25) 
Wherein becauſe Diviſion is ſeldome needed; 


the | Tf Thavea litle exceeded already, and ſhall alule 


} more in treating (but very bricfly) of reſolying 


ſome few Rooted Aquations, I ſhall aske the 
Readers pardpn for both rogether, 


CHAP, II. 
Of e/Equations. 
N Equation is when one or more ſpecial 


quantities, are equa] ro one or more other” 
ipeciall quantities, and written with the 


. hgne of equality betwixt them; Az4a=6bb. 


This is called a ſmple Square Aquation. 


- And & 6, being a known tquare , the ſquare root 


thereof being extracted,is equal to a. And ghat is 
the thing required,65> ] © 
But, aa +6 a=c c,and a a — ba== ddand 


' fly aa +6ba=ff; arcall of them of that 
* kind, whichare call-d mixed zquations, becaule 
' a(thething required) 15 multiplied nor only 1pto 
+ ſelf, but into another known quantity, namely 


into 6, 
And note that this known'/quantity in all mix- 


4 ed Zquations is called the Coefficient, 


Note alla that the three forts of mixed zquati- 
ons aboye expreſſed are all that can happen in 
quadraziques : And by ſome one of theſeall Pro 

2H blem : 


(26) 
blemes whatſoever tran{cending phine Diviſion, 


andnot reaching Solids, are to be re(olved by 
finding the Roor according to theſe Old Rules. 


In the Firſt, 44+ ba = ec 


Square of balf the Coefficient it makes rob f __ 


Which if it be inlines, may be reduced into = 
Square, ad fron the F- de 0 7 that S nao po 
balf the Coefficient, and the remainer (hall be a, 


Which was the thing defired, 
In the fecond, aa —ba—=dd. 


bb : 
Unto dd adde — as in the former, and the 


ſum thereof being always in numbers q Square, 
or in lines to be reduced to a Square as aforeſaid; 
Ut» the Root or fide of that Square, adde halfe 
the Cee ficient, the Summe thereof ſhall be. a, or 
the Root of the Aquation fought tor, 

Fe the laff, — aa+ba=f f. 


Free the/quare of half the Coefficient, which 
 & — take te Phentity given, that 18 f f there 


will remaiiy — — ff, which being put into- 


one Squares 15 the (fide thereof known if pr 
| frac 


1 , 
or 
J- 


Unto the quantity. #iwenmnamely e c., adde - | 


\ 
x 


m, 


Dy 


027) - 


"|de be either added to halfe the Coefficient , or 
wrong therefrom, either the ſumme of that 


's. Jaddition, or the remain of the ſubtrattion, is 


s D—O ae  £ 


Z tions , the worke 


("equall to 4. 


For all Quadratique Xquations of this kinde 


- Cwhere 4 4 the greateſt unknown power 15 want= 


ing) have two Roots, which being both together 
ever equall to the Coefficient, if upon the Coef- 


Ficient, as a Diameter, a Semicircle be deſcribed, 


*and the fide of ff (the quantity given) be appli- 


ed therein, perpendicular to the Diameter 6, the 


” rwoſegments of þ are the two Roos ſought. 


Eor in the £quati- 


Hon—aakba=ff, pe 


It 15 by the 14th, of the 
6th, of Exclid, as fol- # 
loweth, we my 


" F f" Fe 


| Wherefore either Segment may be 4, and the @- 


ther will be þ — a, andfa mean betwixt them, 


Likewiſe in the 
two former Xqua- 


may. be effected 
Geometrrically, & 
proved alſo by this 
preſent Scheme. 


In which, as the figure intimates, the Perpen- 
dicular 


(28) 


dicular repreſents the fide of c & in the firſt Z- WT 
quation)andhe fide of 4 d inthe ſecond, == þ 
rhe 


T bp "PC. 


Draw a line 6 g from the center 6 tothe top Þ hi 
of the perpendicular, the center 6 being firſt ta- Þ} e: 
ken in the middle of the line 6, to Wits of the. 7 © 
Coefficient, for ſv it 18 uſually called. 2 tl 

And firſt, ler the pricked line be put for 4, Þ& 9 
Therefore, by a hifore recited Propoſition, y 

It is, a+6b" 6" £c'- a", £ncl.6.14. 0 
And if (asthe Rul: oreſcribech) to the ſquare of } , 
halfe þ you adde the {quare of ©, the totall ſhall ? , 
be the '<hcon of the line bg - By the 47. of the : 
firſt of Exclide, 

If therefore from the line 6 g, or (which is 
all one) FEM you take the line b 7, whichis halt 
the Coefficient # (for the whole Cocfficient 6, 
is the ſame with £7) the reſt, namely thc prick- 

ed line rf, ior} amt For,” 


In like ſort concerning the cond Aquation, 
a 4 


(29) 


S | a 4t—ba=dd: If equating *y the Rule, you 


$ide the ſquares dd, and — together,it gives 


4 
the ſquare of the line 6 4 , to the Root of which; 
-to wit, 6 g, if you adde halfe the Coefficient, to 
wit, 6x, or 6 s, the fum ſhall be fs or # x, either 
Zequall to x, And then, as» 7; that is a, is to d, 
$ois d to rf, or 4 —byas it ought to be, 

I intend anon to write ſomething of Extra- 
| 50n of Roots, according to the generall Method 
< of reſolving all manner of Aquations of Powers, 
# how high or compoſed ſoeyer, Ido not mean to 
FX exemplitie them any further then the Cxbique 
& order, There are Authors cnough', whom they 
2 that deſire the full of that Artifice , may at thewr 
& wn leaſure in Books cqnful, wo 
3 And nowbecauſe 1 ſhall herein make ſome 
$ uſe of Aquations, though not higher then Cu- 
2 biques, ot at the moſt the Biquadratique order : 
4 I think fir to admonith the Reader, that in pit- 
7 ting 4 alwayes for the thing ſought, and work- 
2 ing therewithzas if it were known, quite through 
:7 as the queſtion requires, he ſhall laſt come t& 
3 an£quation, but it may be ſuch a one as wants 
reducing : of which a lutle, 


REDUCTION 
Of Equations is m—o——_ all thar's ne 


ecflary, or. ſubtraſtingall that's not poeeary wn 


(30) = 
both ſides the figrie 6f zquality : Orby ſubtract "7; * 
ing contradiRories if they happen on one and 3a 
the ſane fide, untill the AZquation, purged of all | 
unneceſfary members, remain with all that's ab- 
folutely known on one {ide,equall to (as little as l 


may be) all that's unknown on the other fide. | 
One example of. this ſhall ſerve as followeth : L 


In the Xquation | 
Aa —ba-Fdc+ba=gghba—adc. 7}. 
oy reduce this, you mult remember what hath $0 
been ſaid before ; that the taking away a Want L 
of any thing, is all one with the addition of that Þ 
.. Therefore ſeeing there is on the firft fide a Þ 
Want of b a expreiſed by ,—- ba , if you take | 
wy that — b 4 , you thexeby adde,þ 4 on that © 
hide. 1, W | | 
. . Wherefore that it may, ſtill: be an ZXquation; # 
you mult adde 6 4 onthe other ſide alſo, . "F 
-/ 22» Then itwillbe, {'s W- 
u4Þdt4ba=;yg+rba=mdc 
Again, {ubira&t b a on each fide, then'1c us, 
aadc=ggepba—mdc 
Once moxe, ſubtract & 4 on each fide, thar © 
you may bring itto that lite Where a 4 ſtands, © 
6236) IO. oy adtenks a 
AA badc=gg = el 


aſtly ; 


(31) | 
7 Laſtly that the Conf, onants, orknown things 
{" come & on one fide) ſubtrat d c oncach, 


: Thea it will be, 
14a — ba =;70—2dc. 


Take rhe ReQangle 24 out of the 
FT, and lc rhe reſt be a Square, namely ff. 


Then it 1s reduced, 


Tj. 4 —ba= 
[: a a a nh 


HERE 


T There are inthe firſt part Contr adiQories,to wit, 
Z—ba and+b a, they (deftroying one ano- 
© ther) might be taken. away both at once, 

J . | So-it will be; bs. 

3 1 ancdemggetsba—de 
{ini ys "Ac and ba on beth fidesy 
Fr wil be reduced to '© 

AY ia —ba= =7g —24de, ; 

A as 6 0 wo betber Andgs— 2 de being put in- 

2 to one Fouare f. t 5 a be Equaro 


may be reſolyed as the ps 'r JleS TP a4 
was 


(32) 


Was, by the ſecond Rule for plain ZAquations, 
Mi Vee ken expreſſed. q : "4 
And as here the ReduQtion was made by Ad- 
dition and Subtraftion only, ſo ſometimes it is ,* 
made by Multiplication; ſometimes by Diviſion; * 


Lthough (having before ſhewed Rules for 
A alt ſorts of mixed ſquares) it may {eeme 
prepolterouſly done hereafter to ſpeake of 
Simple Squares ; yet foraſmuch as I pretend-nor 
= to Method or Ocder, andbecaute the gene- 


1n both or either of which, this is generall : that Jn 

Whatſoever us done to any one Member, Tnuft be yy 
done to every Member quite through che /Equa- 

£05 | 4 

| CHAP. 1IT: þ 

Of the re ſolution of Equations, according th 

» tothe general” Method compoſed 'W 

7 Mr, Tho Harriot, 8s 

ſe! 


rall Method of Mr. Harrior begins with Squares, %. 


Jo do fo, but only with one Example, That is; 

there bean £quation of 4 a=ff, 

Or let it be exhibited in numbers, 44 = 69169 
Firſt , take notice that all Squares whether 


_ or mixed in Numbers, are to be marked 
Wl 


points, the furft alwayes oyer the place of 


nor ſecond figure, 


* 
« 


4 
[2 
1 o 


Unuty or unuties, andſo fuccelliycly cycry Bina- 
Cubes | 


an. A w4,.t: 


—_— 


can: 
; Cubes with eyery ternary figure, | 
# -Biquadratiques witheyery quateriary, 


[- 4 Surſolids, every quinqnenary,and 10 forwards, 
ad. | EA hon'ts 
1; | Thisſquare number ſo pinted is 69169 


It In which becauſe there are three points, there are 
e three figures1n the Root, ; 

» So that & beinga (ingle letter cannot fitly re- 

reſent that Root ; but ſome trimomiall , as 15 

-+ c-+d ſhould be put equall to 4, and the 

quare thereof ſhould be cquallto 4 a, or 69169. 

# Butbecanſe it may be done aſwell by adding 

the Gnomons , that is repetition of the ſecond 

"working, (as they are commanly called) ſo ofter 

/ as the points are more then two; a binomzall will 
ferye (with lefle trouble) ro do the ſame. 


; Let that Binomiall be 6b +c; 
c And put bp c=4 _ 
a Their Squares ſhall be therefore equall. 
That is, 66+ 2bc+cc= 4a. 
| That is; 6 b-4-2bc4-cc= 69169. 
| The Reſolution, TOS 
& The homogeneall number given 69169 
- Firlt ſingle Roog 56 =2 and bb—=4.00co 
# Which 4;cooo being ſubtracted from | 
# the number given 69169, then there © 
I Remains of the Number given 29169 
4 D | Re- 


(34) 


Remains of the Number given, 
Root decuplate 6b6=20 
Duwvior 2.6 40.00 
The ſecond fingle root c=6 


2.6c 240.00 
CC 36.00 


— 


276 .00 


Subtract 
Remains of the Number given 
The Root increaſed b = 26 

Root increaſed 
_ anddecuplate 
Diviſorts + a24=520 


The third fmgle Root & = 3 


þ = 260 


2bc . "1560 
CC ©OOg 


k 

" 
| Tora)! ..: * 3569 = h 
Subtract I 56g. F 
i L 

$ tl 


W—_— 


Remains of the Number given - ©OOO | 


Th2 Roox increaſed 263, is therefore the true 
Roor, as may be proved by recompoſition, or } 
mulciplying 263 by 263, forthe Product will be Wh 
691 69, which was the number giyen, $y 

The 


[ (35) I 
69 4 The Ciphers which are put after inthe Diyj- 
Þrs and SubtraQs, are only co-fill up the zwm- 
&r of places, by which the number grven , or ra- 
ther the.xemaining Points would elite exceed, | 
'Por the like purpole 15 uted thedecuplation of the 
Roots, as only co tupply a place m_ another fi- 
are ſueceed 1n place of the-Cipher;. 
3% And in nothing clic doth this work differ from 
the ordinary ExtraQtion of the. Square Roor, 
0 gommunly taught and known, | 
| ol 2 The reaſon of it depends =_ the, 45h; Prop. 
of the {ecotid Book'of. Excli e, Where 1t 1s do 
*monſrated, that If a right line be divided by 
ance into' two parts, the-Square made of the 
hole is equall to the Squares of the parts, and 
I the Reft angle made of the parts twice, 


Soit is here as followeth. 


he Square of the greater Party $5==56560 6 
& that 15, of 26 © F 


'2 he Square of* the leſler part, — 0 000 


2 he Rectang]z of rhe parts, : 2bc= 01 6 6 Q 
that 15, 260 unto 3 twice, & Gs 


—_—_ 


e quall to the whole Square, 69 169 
Nordo theſe letteis repreſent ſo naturally the 
* Whings themſelves in a divided Sxperfictes only, 

but as properly and clearly the'parts' of Solid Bo- 


(56) | # 
dies; of which, two or thitee Examples for fatif- 
fxtion, 

In which T admoniſh the Readerzto be intent 
ro the ſ-verall pointings of the quantities accord- | 
ine to their due order, as is before expreſſed; and 
alſo tothe placing of the Diviſors and SubltraQts 
by Ciphers, as ellen alſo 1s intimated 2 for this 
ro the Ingetious is enough, & along yerboftty to 
others\will ſcarce be ſo, 


Of Cubicall Xquations. 

- Ler chere be a'Cube ' 4 44= ff f \ 

Or propoſed in Numbers a4 4 =41781923 
Put(as before) b+io= 4 F 


Then their Cubes alſo ſhall be equall, 
That is bbb-+-3bbe-þ» 3btc + ee = 42781923 | 


The Reſolution, 


The Homogeneall Number given 41781933 | 
' The farſtfingle Cubique-Root. b = 3 | 


-And 66 b = 27,0000c0 A 
" Subrrat ''27,00000 | 

| 23” - LI9VG- | | BET 
Remains of the Number giver 14781923 | 


Re- | 


Remains of the Numbergiyen 1478 ® : 
if. | The firſt Roote 
ar | decuplated 


ent 36b 2700,0909 
rd= ? 3.þ o0g0,000 


nd | Hiviſor ' 2790,000 


- Second ſingle Root c=4- 
—_ 3.6bc 10800,000 


ta | v | 
- 2:bcc ©01440:000 
CEC O©0064,000 


qua_—_ 


bþ— 39 


Irene 


32304.000 
12304.000 


| m— 


Subltrat © 
I Remains of the Nuimbergiven - 02477933 
23 } TheRoot increaſed ' b== 34 


' © Root increaſed > þ = 340- 


|  decupſate 
WT -:;:c 3.6 b 346300 
| 3;b 001020 
s | Diviſor 347829 _. 
5 | The third fingle Root © =7 
2 bbc 2429600, 
i 3.9cc 0049980 
0 | eco *' BOOD34S 
- 2477923 
3 | Sutbtra& 2477923 


* Ri&nainslaſtly of the number piveg O09 


& | TheRootincreaſed b+-c=347 ” 


| (38) io 4 
Which is the true Root of the Cube q17$192 3, 
2s by be proved by recompolition, that is, by 


Multiplying 347 by 347, and the Produt again 
by 3. — laſt Product ſhall be equall to the 
Cube which was given to be reſolved, 

And as above1n the Square the Canon: of the' 
Reſolutions was the. letters. bb +2 be + co, 
being the true Square of þ -- c. And thoſe let- 
ters did anſwer exactly to the parts of the Square 
divided alike in both the Damenſions: So here. 
alſo the Canon of Reſolution, or the letters 
bb b4-3bbe»3b6c4cec, do exattly 
anſw2r tothe Parts or Members of a Cube, div1- 


ded into two parts, alike in all the three Dimen- | 


\ 


of tome {lender matter, and:cut through all three / 


fans, asavuy one may. proye upon a Cube made 


» 


wayes, for he ſhall finde the whole Cube (ſup- | 


poſed equal tO 4178 1923 as yefore) juſtly made 
up of the two Cubes of the two ſegments, | that is, 
bbband c cc, and three + Parallelepipedons, 
whoſe l:ngth and breadth+are equall to b, and 
their thickneffſe to c, thofe-three are the 2 bbc, 
Andlaftly, three other Parallelepipedons, whole 
length and breadth are equal to c,and thejr thick- 
neflerob, fuchare the 34c .c, 


S eethe follewing S chematiſme. 


— MS 


5 mA” —_ 


1922, 
i > by 


.. the 
f he 


=C, 
 let- 
uarc 
here 
ters 
ctly | 
IV1- 
ene t 


gare of all the ſingle 


(39) 
The Cuhe of the greater Scoment 
which 1 1s 340, $86 


The three 


dons , 3 


[ 39304000 


uy Parallelepipe- £ + 2427600 


The three leſſer A . » 46980 


:-or3bee 


The Cube of the leſſer S__—_— SS 


which 1s 7, ccc 


The whole Cube given 41781923 
Note, That the Koo Segnien: is the aggre- 
oots except the laſt , bemg 

oe” bran by a Cipher, as here it 1s 340, but the 
: er ſegment 1s the laſt fingle Root only, as 
ere 
I haye done this to let the Reader ſee , that he 
may be ſure let the quantity to be re{olyed be 
oreat or lit: whatſocver,ifhe be carefull ro make 
his Canon right , the letters themſclves will di- 
re& him how to, frame his Diviſors and Subtracts 
in order to the finall reſolution, eſpecially in 
thele unmixed __ where the points li- 
mit how far the ſubtra& (hall advance at every 


operation, beginning fir{t at the point next the 
left hand, not Further, and to, the ſecond pount 
only at he ſecond work, and not otherwiſe 1n all 
that follow, 


And 


(49) E 


| Aid in Mixed Equations, if they be madeup | 


of Cube with addition of certain” Squares, or 


certain Roots, or both Squares and Roots, or by : 


SubtraCtion of the ſame, the Canon of the Reſo- 
lution muſt eyer be-made by multiplying the af- 
ſumed Roox b +c inthe place of the queſititi- 
ous Root 4, quite through the Aquation in all 
the degrees therevf, for fo ſhall ariſc all the ſeye- 


rall parcelsof which the ſeyerall SubtraQts are or- | 


% 


derly to be made. 
- Ina Cubique Xquation, if all the quantities 
be preſent, there 1s no need to point any but the 
Cubiques and Roots: yet I hayc here diſtinguiſh- 
cd the places of the Squaresalfo with litle Croſſes 
obliquely; which labour, when the Workman is 


unterit upon. his buſineſle , may well enough be 


pared. 


Ofthe reſolution of Mixed 4 


 Cubiques, - 
Let the Equation aaa +d aa —ffa=ps 
be —_ in Numbers, —© ff SH 
Asletitbe 4.4 a+ 3244 — 75 4=29282979 
Therefore d4= 32 and f f=75 


Andg g g= 29282970 
Pix. b+c =4 | : 


= gm_—_— = 
# 


A ed are cen td —. 


- i, MN 


And make the Canon of ReſoJution by ſubſtitu- 
ting bc inthe place of 4 quite through the 
ſeverall quantities 44a + daa—ffa, The 
Canon rightly made will be + 6 6 6 


A-2bbe b-4bb —ffb 
h-3bcc+2dbe —ffe 


+, cceb dec 
Theſe ſeyerall parcels of the Canon, being - 
rightly ſubtraCted from the homogeneall Number 
29282970, the Number ſhall be thereby retul- 
ved, and the Root 4 found, Y 
&F Note firſt, That all the parcels in the Ca- 
" non, Which haye not the ſecondary Root c in 
them, as 4-bbb+ dbband—f fb, areto 
be ſubtracted at the firſt Operation , the other - 
remaining parcels to be all ſubtraedas often 
as there ſhall be points left above, 


The Reſolution, 2 
+ The homogeneal Number given 2928 297s 
The firſt fingle Root b= 2 Y 
| bb b $.00c000 
4 4b6b 128.0000 
| + 928.009 
—f fb..150.00 
+9 2650.00 
Remains of the Number g1yen 2001797 by 


. S 
# -- 


(42) 
Remaitis of the Number given 
The firſt Rootdecuplate þ= 20 
36 b 1200.000 
b . 60,000 


2 4b _.1280,0p : 
d_ , ..+32.00 


12912,00 


 Ifecao750 
- Divifor 1299450 


34h c 10800,060 
| 3bcc , 4860.009 
CCC ,, 729.000 
.24 be .115 20,00 
Acc . . 2592.00 


lf; | —Ff fc... 675.9 


| Subtract 


o< * 


Remains of the Number given 


Th: Root increaſed 6 = 29 


The lecond{ingle Root = 9 . L 


17993450. 


*- Root increaſed decuplate b = 290 
e7 + 054 - gp : | 


ey 
O: & 


20017970 


# ® 


”3 
—_— 


17793450 


— — lk ———— 


. 
02224520 
P 


Re: 


S.” ord he $a of we Vn Baons. ae wy "82 
<<”, 


auf Wu, 
4 ? od o ds NS » 


(89) 
Remains ofthe Number given 
g bb 252300 
3 «+ « 670 
\ 24b . 1856S 
—_ ff oooe T3 
Diviſor- - 271655 
Third'fingle Root c=8. 
ack; 36bbc . 2018400 
. 36bec,., 55680 
EEE 0 coJIZ 
24bc ..149480 
dee ++ + 2048 


2225120 


— f fc... 600 
| 22924520 . 
SubtraQ Laſtly 223 24529 
Remanis of the Number given co0 
Whereby it appears that the whole Root 298 


02424530 


1s the true Root whereby this XAquation is ex- ' 


plicable, as may be prove allo by recompoſitiony. 

For 666 = 243890c0 

26bc =, 2018400 

26c C=... 55680 

COOCDR,, 000 FIZ 

4b b=, 2691200 

24bc=, 148480 

dAcc=..,.,, 2048 

In all = 29305320 


Pro which ſubrraQtff5 -pff c=—...22350 _. * 


Remains 29282970 


f 


ies, 


| (44) 
Which was the whole Homogeneall Number 
gIVEn, ' 
NQTE. 

Whereas in compoſing the Diviſor all the 


oradual quantities are ufed, as in the former ex- 
ample, 36 andd, aſwellas 3 b band2d6,it is 
to be noted thar in practice , thoſe ſmaller par- 
ticles 3 b, &'c, May be-omitted; the other with- 
out them miniftring light enough for chooſing 
the Secondary Roots, 

Having now inftanced in an Example where 
all the powers were preſent, in theſe one or two 
that follow, to make the work ſhorter , I ſhall 


leave out one or other of them, 


- In the Xquation a aa +ffa=ggg. 
Propounded in Numbers a a a+ 320406 a = 
$348132, It ſometimes happens that the Co- 
efticicat abpunds with more binarie figures then 
the homogenea] doth with ternaries, in ſuch a 
caſc that there may be rooom made to begin the 
Extra&tion, The Coefhcient muſt be deyolyed 
ro the next point further to the right hand, orto 
the ſecond, third, fourth , or further, if need re- 
quire, and there the work is to begin, The Co- 
efficient 15 alwayes the known quantity which 
multiplies any of the unknown inferior quanti- 


= 4 - %. * 
VC Abalone oeaos 5 © 
- 


Y 


Ex- | 


LT 


W 


[) 


'" E953 W Rel 8 B&B 7 


(45) 
Example of Devolution, 
aa a+ 320406, a= 8348132 


Put b-þc= 4 
b bb + 3bbc 


__ A 3bccþ coo = 8348133 
+ffb+ffe 4 


Refolution, | 
hs PRES vc. 
The Homogeneall number given -- $348132 
The firſt fingle Root b = 2 5 


b bb ' 0008.000 
ff 5 640812.0 


; =64 16.12.0 
SabtraCt 641612.0 


Remains of the Number given 19 32042 
The firſt Root-decuplate' 6 = 20 ? 
3b þ ove01200 
ff 00320406 
Diviſor | 321606 
The ſecond ſingle Root © =6 
* | Re 


(46) 
Remains of rhe number given. -, , , -- 193 20t2 


2905 .. , », 72001 

29cC . . . . 2100 
ECO - + 216 
ffc 9 224 36 


INC 1932013 
Subtract 7, 1.1352 1 Toft 
Remains ofthe number given ©00 


Wherefore the whole Root 1s equall to the 
Root increaſed; 26;!as' may be-proved in 
manner as beforcſaid. , 


It ſometimes happens allo in the Zquation 
aaa—ffa =ges. Put int6 Numbers. 
AS 444 — 105000. — 203125, 


That the-Cocfhcient abounds with more binarie 
Foures then the homogencall with. ternaries.: 
Wherctor: that there'may be place for the Reto- 
lurior, put beforerhe howſogeneall 7 zdward the 
lic hand, ſa many Ciphers as will aftoxd that to 
rece1y2 as many Cubicall pouts, as the Coeffici- 
ex doth Quadrarticall: f 6 the firſt empry 
point, as it were by anticipation, begin the Refo+ 
kition,, In which there1s this of Compendium, 
thac the fiſt Square Root extradted out of the 


;Coecflicient, is either equall to the firſt fingle 


Root 


| Le,” * 


Ley, % 


__ OS 


x ST ww ” 
—_—O_ Ty 


Root of the homogeneall ſought , Or lefle then it 
by Unity, 


But it the Aquation had but two Dimenſions, | 
As a4 — 2544==65024, then the firſt figure 
of the Cocfhcient, namely 2, is the firſt Roox, 


Example of Anticipation. 


i; . « * . 
The homogeneall Number given _ + 0203125 
bh-c=4a 


The Canon BY bb ha 3 - erg ecmpces 


The Reſolunon. 
The firlt ingle Root þ == 3 
+ b bb, 27,000000 
— f f b ._3150,0000 


Subtract the differece? 
which is I” hd 
Remains of theNumber given —+ 4703125 
The firſt Root decuplare b = 430 _ 'F 
—I+ 346 2700,0c0_ 
—f f 1o5000.0 
Div1tor 165000.0 
3bbc 5400,000 
3 bcc , 360.000 
CCC, .$.000 
—f fe 219000.0 
+ 266800.0 
Subwact — 366800.0 
Remains of the Number given 10351 25 


themborh, Putthe Aquarion into Numbers, 


(48) 
Remains ofthe Number given 
The Root increaſed b== 34 
Root increaſed decuplare b = 320 
;'3bb 307266 
— ff 105000 
Diviſor 202200 
The third fingle Root e== 5 
3bbe 1536000 
3bcc + 24000 
"FEE "one bl8 | 
—ffc .525000- (- 
1035125 ; 
Idz35r25 


+1035125 


Subrra& 
Remains of the number g1ycn ©00 
'Which ſheweth that: the Root increaſed; 
þ + c = 325, is thetrue Root of the Equation, 


And it may be proyed by ACE ran as for- | 
merly, 


| In the tion',— 444 + ffa=g og; 
Which is fable by two Roots, as ſhal be , 


ſhewed jn the next /Chapter, S Seftion 5» tofinde | + 


Al 


(49) 
As — 444 52416 4=1244160 
Therefore ff= 52416 & 1244160 ==gy F 
\ | Putb c=4 
' Therefore bb b-þf fb 
—2bbc =1244160 


—3beceffc 


—Ecc 
ExtraQion of the greatetf 
Root - 
. The Homogeneall Number given I 2441 c : 
The firſt ſingle Root b= 2 


7 


J 
by 


$4 ff6 104832.00 
_—_—J —bboy nonnd 
TS | ++ 24832.00 
J; * Subtract -+'248 32.00 
"_ —  _— 


r- } "Remains ofthe Number given — 12 35040 
The firſt Root decuplate 6 == 20 


Ph ff $2416.0 
fe =zbb 1209.000 
de | Diviſor-. > 67584,0 


| The ſecond fingle Root . Yrs 2 
. - ; } E ' Res 


\ (50) by 
Rematns'vf the number given —1239040 


ffc ' .52416.0 
— 3&hc 1200.00 
— 3bec,. 60.000 | 
— CCC ,, , 1,000 


— 736840 
Remains of the number given —$02 206 
The Root increaſed and decupled 65216 
#7 $2416 =” 
;66- v149bs $25 4 
Diviſor —79-8 $ 4 * | 
The third ſingle Root , ex5x6 
+ffjs 314496 
i | 1146 354426 


—3bcc.22680 


CCC 5 « BIG : 
"? , 


| _ FO2Z 200 | 
SubtraR& | —503200 | 
Remains ofthe number given 000 1 ; 
Root increaſed b-j»t == 226, which is the 
true Root ſought, © 


2. Edvw- 


"4s & ” 


| (51) 
2: Edudtion of the leſſer 


|  Rootby Devolution, 


The homogeneall Number given 1244160 


= 2 
| ff*® n1o4832,0 
- —bbb = Og 


| ; | + 1 20 * 
| Sin... 4 mo oþ+ 1040326 


Remains ofthe Number given | ++20384h 


x The Rogr jnereaſed and decupled ban 30 
| ff + $24.16 


' = 3&6 Kc 


——__— ——__— 
Divifor ' ', 51 216 


The ſceond fingle Root ' 6s ==, 
f 5 _—_— 
_ . 43896 
pas » « g6O 
PL i . ® » * 64 


; 
| #30384 
4 Te : 203 40 
r LubtraX _ TOP 3840 


Rengips ofthe Number given ' 00g 


Root increaſed b +e=24 .. 


E 2 Where 


(52) 
Wherefore $4 is the true Root ſought, as may 

be proved by recompoſition, as bath been ſhews- 

ed before, oF FRI . 

So this Xquation'is' explicable by two Roots, 

that 15, 2 6, and 24, 


VIETA4, Lib. de Recognitions equatio- 
ww , Cap. 18. Prop, 2, ſaith, That in the &- 
quation — 44 a--ffa=gg8g , the Cocfhici- 


ent ff is compoſed of three proportional Squares, | 


and the Homogeneall g g g is made by Multiph- 
cation. of booggregete of the two firſt, or the 
ewo laſt, (for all is one) into the fide of the 0- 
ther, and the Root «may be the fide either of 


the firſt or third. This (or the ſame in ſubſtance) 


faith that Noble Author, ' Andi is eyident, for 


make 
corn dd” 4 bb = ff 
And pnt ec ==4 -, 
Therfore e co-þ-d d oþh b cc cemd d o-bbe 
Or put h= 4 
It is h þ h-þ-dd bcc h--b þ b=d dh-+cch 
Both which are manifeſt 


C{OMPENDIUM 1. 


. Hence it may be ſhewed, that either of the | 
quzſnitious Roots, as &, being found and called | 


&, the other Root 8 may bedonnd by a Quadra | 
| hk 4 © 5. © 180que | 


hs 
» 
f 
) 
3 


z. 


—e 


(53) 
tique Aquation only, For ſuppoſing 
eeobnce=ff — ec, Then 
Itis ee c empec==ff. 

And cc' ce” ee'”” Enclide6, 23, 
But by conſtrutioncs” dd” hb”, And 
cet bbonff. So then h h—=e gand 

= 6, 


But it was ſhewed before that þ might. be a 
Root of this Equation — a 4a +ffa=gg 
And therefore e alſo is a Root of the ſame , 
the Compendium is proved, 


Examplealſo ia Numbers, 
In the laſt Aquation 44=cc=466 56 


 _ And ff=$2426 
From which take cc=46656 
©5760 
Remains ff —cc== 5760 
But ee= 576 
And cempgl84 
| $760 
The Summe 15 ceþ ce == 5760 


Therfore ee -þ 5 e = f f — 6 6, Which was,&c* 
In the Aquation 644 f00mgegs 
E 3 


(54) 
the Coefficient f is compoſed of three proporti» 
onall lines, andy gg is <quall to a Solid made 
by a Squate (whole fide is equallts the two firſt, 
or the two laſt) muſtiplyed into rhe A 
line: And the aggregate of the firſt and fecon 
may be 4, and the aggregate of the ſecondand 
- third ſhallbee. Put 1' 2” 4" 
| And Tipps: —4a4a4+7a4a5=36 
Then 4 may be 3, ande is 6, Vieta, de Recognit, 
Cap. 28. Prop. 6. 
'  FOMPENDIUM * T, 

And therefore theRoot a found, and call:d c , 
the Root & may be found by a plein-&quation; 
for ſuppoſe the middle proportionall y, it is 
__aT” 77 


" Andfe ty —et#=7y Org yþc = 


/ 
Py 


1 1$ EC S=xXx the Root y bein 
found by abc rt aſe of Chap 2, 12 Lt 
{faking #* . _ " ab 1 +d4=7. 

I will here adde a few-Rules (grounded up6h 
Mr, Harriors 6 Settions) by which the Reader 
may eafily perecive the Fabrique of Xquations, 
their Roots, thererient and decrement, Multipli- 
eirnon amd Diniſionf them, and their nitmber 
inanyZquationasfolloweth, 1 


=fo—Ccc —pnyigeres wh Maſs, ar, 9. 
| An 


CHAP, 


—_—— . 
a 


—_— 
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— — 


CHAP. IV. 
Rule 1, x 
Very Equation being compoſed of ſome 
E nown o_ ome #nknown quantities uh ts 


Originall by roots eompoſedof a quan 
known and of Ao other {5s k.ryms..4 
and theſe roots multiplied wan M produce 
certain particular Members with - and — 
reſpettively ſigned ( for in every equation 
both theſe ſignes are preſent) which orderly pla- 
ced muke np the equation, As the zquatien 
44—ba—cabc=0, is made by multt- 
plying « — b —0by 4 — c=0, And becauſe it 
was at firſt 4 — 6 —0o therefore 4== 6 and the 
like of c, And fromhence 1t follows that where 
the firſt terme-(or higheſt power) in a quadra- 
tique Aquation is ſigned — there the &quation 
hath two roots, as here by ſubſtrating on both 
parts 4-2 a — b a — c 4, the Aquation will be 
be= — 44+b 4a+c4, and mult have 2 


roots 


1 Theſe compound quantities ſo multiplyz 

I thallcall Bino wialls Stk a-hbora = 

not having any need in this treatiſe to diſtinguiſh 

hygrwixt Binomials and Refodnals, - | 
2 The quation «4 4 — b a + 7 4= 

#6 c, Ifir be, C, Put cb =, _ 
| e 


(56) 
the zquation will be, + a a+ da=6c,and is 
ofthe firſt kind mentioned inChap. 2, but if it be 
b>c, put b — 6 =f and the zquation will 
aa —fa=bc, and is like the tecond 

ſaxt in the ſame Chapter, 

The Orgaall of the .xquation 44 — ba 
þ+ c4 — b e2= here propoſed, is +4 —b 

= o multiplied by + a+ c=0,thatis a= 6 
F 4 =— Cc. This quation hath but one true 
r00t, Which is 6, and one falfe, which is c 

3 - By this which hath been {aid ir 1s plain that 
ſome zquations haye as many roots as dimeni- 
ons, fome not ſo many, but none can have more; 
for the number of dimenſions being. the ſame 
with the number of mulcipliers (if all diverſe) 
can be bur all reots. Nor can the zquation be di- 
vided by any other thing then one of thoſe 
Binomials by whoſe multipti 


Ication it was made. 
But if the multipliexs how many ſoever be (till 
the ſame,there can be but one root, For let-- 4— 


6 = 0be muliplied Rign at acica ll Joe product 


is b-a444 —4 aaa +6 bbasn— 
bb ths b6bbb. whe it is LH there can be 
no other root but b, I mean none greater or leſſe 
then it: becauſe ineruth here arc 4 roots, bug e- 
very one ſ1ngularly equall to 6. 

For 3f there may, let 1t be. 4, andlet d be great- 
er or lefle then 6, it umports.not which. And ſeg- 
 mg'd3=k&-,:Subſtitute .@ 18 the place of a, qu 


through the £quation, it will be $ 


s 


-—— ea ——__ 


_ | 
dddd — 46bddd + 6bbdd — 468bb4 
bbbb=o. Which if d>>6, orelle 


46 bY at firſt fight impoſſible: For the d f- 
j ference between the -F-and — isalwayes equal 

| tothe power of the difference between band 4, 

| whichpower is herea Biquadrat,therefore d =6b; 

| And again ſeeing this Aquarion may be derived * 
| by putting 6 equallto.d, tor ſubſtituting 6 in the 

\ place of d quite through, It will be | 
2b bbb 4-6bbbb=46b66-4-466bbb 


Which is manifeſt, therefore again þ = d,which 
45 contrary to the ſuppoſition , rherefore 6 is the 
only Root of this zquation , for indeed, the #+ 


F quation propoſed being made oy of multipli- 
I 


cations of 4 — b —= © cannot be divided, that is 


reſolved; by any offer Binomuall then a:—6, of 


| which it was made, 


\ 4 Hence it is that the laft term in every zqua- 
tion may be ealled the Homogeneall, becauſe it 
;snaturally made by multiplication of the Roots 
of the zquation,though the coefficients in ſome 


4 ordinary zquationsare diſguiſed with other cha- 


| raers, which happens by Addition or Subtratt- 
on of them, to reduce the canonicall zquationto 
; fewer members, whereby the redundancie of the 
fignes + and — isrÞbe taken away , this 1s to. 
} beſten above. in this Rule, where the zquation. 
| pan—babca—bc=o is reduced'to 


F, | +44 | 


(58) 
+ a4+d a—bc=0o, by makingd=c —b 
and +4 a-+b a4-ca—bc=0o, reduced to 


: 
i 
: 
> 


aa—=-fa — bc =o,by making b — c —f| 
Where the Coefficient d or f, is not a part of | 


the Homogeneall 6 c, but a difference by which 
þ 15greater or leiſe then : by help of which 
difterence, the zquation which conſiſted canoni- 
cally of four Members, hath now but three. 


5 And this ReduCtion is uſefull, for as Mr, | 
Des ( artes ſaith, and which may be (cen true by | 
th: way of Multiplication above ſhewed , every | 


#quation hath ſo many true Roots as the Signes 
+ and — therein are changed, which in the ca- 
nonicall zquation 

Far —ba-ca—bce, are changed 


three tunes, whereas the z quagion hath not _ 
true Roots, but one true and one fale, that is 8 
ce, and the common zquation reduced changeth 
th= fipnes but ance, that is, from d a to — þ c 
inthe former ; or from a 4to —f a 1n the 
later * and from thence it may be known that the 
zquation hath but one true Root, The like con- 
ſideration ought to be in others, - 

And whereas the laid Des (artes doth often 
mention falſe Roots, it is tobe noted that ſuch are 
lefle then nothing, as a 4+b=0 : Or 
+ a= — þ,& if any tnie root,as + 4 — 6 =0 
be multiplyed by this + «+ &= ©, there will 
ariſe an £quatio + 44a b 4 — ta — _ 0 

| where 
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where the ſighe + follows twice, the fgne — 
twice, and they are once changed, which ſhould 
intimate (according to Des Cartes) wo. falle 
Roots, and one true : for he ſaith, So many times 
as - or — come twice together , ſo mary falſe 
roots there are, this zquation therefore mult be 
reduced, by making 6b — c =d ifb >c,orelſe 
if b< & then make © — b=f, ſoit will be 
ethet +-a44+da—bc=0, Or+a4a — 
—fa—bc= 0 which confirms that which 
Des .Cartes ſaith of twice + or — : Namely, 
that there are as many falſe roots inthe zquation, 
as + 6r = cometwice together, and {0 many 
true roots a8 | and — are changed, 

gry Roots o_ all _ a__ = 
ON 1S 1 C, aS 4A = © mult! 
a-c==o, prodiiceth pry og vs pos 
which cannot be, And therefore when there is 
an zquation pretended like aa+ba=þ c x —= 
= — bc, preſent judgement may be made. 

6 The fame Des Cartes ſaith alſo that all the 
falle Roots in any zquation, may be turned to 
true ones, and the true onesto falle, by change- 
ing the ſignes of the ſecond, fourth, andevery 
eyen term. And this 1s evident, for of the xqua - 
tion 4* —24* broan—30a—87=0 
by ſuch change is made + 4 *-þ- 2 4* + 10 aa 
- 30da—87=0 where the firſt had three 
triie Roots, and but one falſe, the later hath three 
fallcand but one rae, + This Aquation was ta- 
k:n 
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ken at all adventures, to ſerve for an Exany 
only, whereas any other whatipeyer wall " 
the like. 
Rule 2. 
T he unknown roots of an equation may be 


increaſed or rs oh by ſuppoſing another un- | 


known quantity 
crement, and of that Binomiall compoſi 
equation As it was be fore of the ff 
quantity : and ol ex} increment be put equal to 
ſuch a part of the coefficient of the freed? terme, | 
as unity is of the dimenſions of the firſt terme 
(sf the ignes of the P's and ſecond be both Ml 


or both —) or if the Decrement be made equal to 


ſuch a part of the ſaid coefficient as unity us of 


the dimenſions as aforeſaid, (if the figues of the 
firſt and andy 6-4 be one .=—=hars 
then by ſuch increaſe or decreaſe of the root the 
ſecond terme ref the £quation ſhall be taken away, 
and aunlle 
Example, 
Inthe zquatig-þ-44 4+ b a4 —bbe =0, 
ws Roote & may be increaſed by making 
hee fag 4, and ſubſtituting e— 4 1n the 
4 quite through the zquation, and there- 
ſhall ariſe a new #quation : 


bee — 2bqe+6qq 
= b be"= — bbe 
Which 


UN meas LT ton ? 


HOWwn ' 


+ bas 


07 — t GOIN ine | 


&. 1 
he | 
BY 
| 
| 


| 
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. Which is equall to the former as you ſee agree: 
ing in the particulars, and the root e being found, 

4 may be had by caſting away q from e. 
And becauſe the number of the dimenſions of 
the firſt terme 4 #4 is 3, if according to the later 
art of the rule the quantity q be proportioned, 
y makin? 2' 2” 5” g” thenb= 34 and 
A b ee will deſtroy — 3 gee, and io the ſes 
cond term e ewil be quite taken out of the 2qua= 


tion, as is manifeſt, tor the zquation ſo purged 


will be=þ-e ee — 34qe4$42994q—bbc=o 
And wn Soak + i Wh. Ta qq—bbc 
having firſt made bbc— 2q4qqgq=4dad, it 
will be'then f-eee — 39ge=dad, The 
manner of ſuch reduction of Solids, ſhall follow 
in the next Chapter. _ 
+ 'Inlike fort the Root 4, might haye been Ue- 
creaſed by any quantity,'as x, which if itbe pro- 
portioned to b as aforefaid, would take away 
the ſecond term of an zquation, where the fignes 
of the firſt and ſecond terms are not like; as in 
the zquation 444 — b a a— bb e=0,by 
utting 3x ==6b, and e-þ+x= a: the Pro- 
eme will be fully performed by making e + x 
the Roor'of the new. #quation, as before was 
e—q, 'obſerying the ſame order in compoſing 
the particulars, due reſpeR had to the fignes -+- 
and - , 'where they ought to beaktered, 


- The 


— — =_ — ——_——— - 
DE nd nd I SEE a in EO 


” 
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The former reduced zquation | e? — 3 qq e 

== d dd might be further reduced (if needre- 

quire) to -þe! —bqe=d dd, 


NOT E. 


| This avgmentation and diminution of the | 
Raots in ſuch manner as to take away the ſecond | 


term of any zquation, is of excellent uſe in ſuch 


Xquations as have three or four dimen{ions, and | 


| 
| 


cannot by any diyiſion with any binamiall made | 
of a + or — ſome other known quancity, as 6, | 


c, or the like, | be reduced to fewer dimenſions, 
whereby it 1s certain that Juch an #quation is 
Solid, and cannot by any artifice already,or like» 
ly to be invented, be reſolved by Ryler and 
Compaſs, but by any of the Conique SeRjons it 
may; in this calc 1t 15 exther neceflary or extream- 
ly facilitating , to take away the fecopd rerme 
Gt there-b any) tromthe zquation , asſhall be 
ſeen hereafter un its phace. 


Rule 3. 


The 
be 'mwulrighyed (or divided) by any kwown quart 


tity mwltiplying (or dividing) ths ſecang terns 
[wids rantit 3, the third. 


of the «Equation by the ſaid quant 
hos Square, the foureb by the Cake thereof, 


CES a R_— <C Fa. 


unhuown Rat of any eArquation may | 


and ſo forward continually in this order, as often, | 


45 there are terms in it, having firſt aſſumed ano- 


% 


Anknpown Root, ad wire 


ther unknown quantity, ſo multiplex ta the ſaid | 
4 Ex- | 


he 


' 


nd | 


J} 


| 
| 


GER 


- "0 


1, RI SS AS TSX 


: — bcd=0: Let it be required to multiply 


: 


' (And e=16==44 Which was to be proved. 
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Example, 
In the Cubicall « Zquation a * +6 a a+ ca 


the Root 4 by 4. 
Aſﬀurne e=44 and write 
ecerſugbeep 16 cce—64bcd=09 


Which is an #quation, and the root e is quadru- 
ple to 4, as may be proved thus, 


Put a=4 b=3 c=2 and d=21x 
Then 444X64 
baa==48 


CCADZ16 


But 6c d= 128 


/  Inall 3438” 

Therefore a* - baa-þcca—bed=0 
Again, Pute=21 6 All cle the fame till, 
Then ,cee=4096 
gbee=43 072 

16 6Ce=102 
z In all $193 cid 
Therfore e * -þ-4b ee-þ- 16c co — 64 bed=4 


But646 cd=8192- 


The uxiliry of this Rule wil appear in reducing 


ZqQua- 
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#quationsaffeed with fraftions,to whole nium- 
bers, by multiplying the Roots by the denomi- 
nator_ or. denominators. of the fraction , fot by 
ſuch means the coefficient of the ſecond term is 
mulciplyed by the fame as before , multiplying 4 
by 4, multiplyed alſo 6 by the lame number 4, 

d many times by this Rule zquations may be 
freed from* Surd Numbers alls; eſpecially if ſuch 
be found inthe ſecond term, : as is; cafie-to be ſeen 
by triall, for if there be an #quation ſoafteed, 

As a44+vy&. $44 534 —44/ 2'=0 

| Put Cm——x 8. = 4 
Andwrite freee-þ 8eelig3e— 1:3 =0 

— © '$othe Swrds-are vaniſhed, 

But if yet it -. required-to ayoid the Fraftion 
93e, then make y == 3e;-+ And multiplying 
8 by 3». 939.92 and. t2$ by entered 
be a new thurd #quation, = 


MOL Aer 2 24 Q1:=234J ach 
+757 +247) +877 —3456=0. 
Which conſiſts of entire Numbers, having one 
true Root which is9z andthe Root df the wid- 
dle zquation \was 3, which is the: third thereof; 
and the Root of the-firſtzquation was-3 — 4/ 8 
And now I hope this Rule and the uſe of it is 


plain, cnough. 
OUT 2 7 


- It may be noted, that if the Surds inthe Wed 


—— — 
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and laſt termes of the firſt zquation, to wit; 
aaarclry Baa Ba=4y/ 2 had been 
utterly incommenſurable,'the reduRion had not 
been ſo fefible, For although 4 / 2 multiplied 
by the cube of 4/ 8 that is by $ / $ produceth 
32+ 16, which is equal] to the intire number 
128, yet if it had been 2 3or2 y 5,0r atly 
ſuch primes to be multiplied by 8 y/ 8 the pro- 
dut would have becn 164 24o0r16 yf 40. 
though this laſt may (by the note after the Con- 
ſeCtarie in Chap. 6.) be reduced by multiplying * 
it again. by / 4© unto the intire number 640. 
Neyenheleſle this ſecond multiplication by a 
Swrd , renders the; #quation inexplicable ,; at 
Jeaft by the precedent Rule, 


| N 0 T” 7 2. 


It may be further noted, that if inftead of e==4 4 
one would put e = f « lines not being ſo liquid 
as my 2 ann fbed they be 
ece—foee CEC — ca= 0 m- 
db ber? ck dimenſions of a A rexmes , for 
remedy whereof three lines are to be found 'in 
proportion one to- another asare the magnitudes 
Joffe fff b, of which let the firſt line bei: 
poſed to containe Vnity as often as the ſuperti- 

cics f6deth ( for which purpoſe Uniry mult be a. 
kne ſet,” and agreed on betore,) The n_ of 

R che 


| (66) 
theſe lines when found may be called g, hb, k. and 
the #quationmay be written 


d-ecebgeebboe=kbe=o, 
NOTE. 3 
Bur it is againe to be noted, that where the 


lines f, #,and 7c, are commenſurable in length 
the three lines &, #, g, may be very cably found, 


for then they may be ſignified by numbers and | 


iff be put for Vary thene = 4 and the work 
fruſtrate; but where the {aid lines are 1ncommen- 
ſurablein length this Redution is alwayes hard 
if not impotſible : For thoſe incommenſurable 


lines doe moſt commonly repreſent ſuch ſurd: 


numbers as cannot by any ReduRion be com- 


red, 
£ Rule 4: 3 
' The Aiuation aaa—3bba=2 cc; 
Ftv q eedbb 
by 49 other bike it; by putting — = 4 
| | c 
may if e>b bebrought toe ee =0e cc 4-ddd 
TI ceececertithyif ob 
then to exe =coc þ ff — dadddd: 
Which laſt way be called an impoſſible /Equa- 


fr0n, 


\ 


1 | 
Put] e' 57 99"% And becauſe & is<quall 


co 


S, 


1. «.. 
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KEE bb 
tothe ſum of the Extreams, which are e=b —— 
[2 


+ therefore, ts - WB 
From thence it will be 
| 6 bbe* 4, . 

| +e + tt Sk bh ala 
| EEE Gy 
| And — = 2bbe* — ;bbbbes _— 


| mm 6 


A232 


Therefore rejeRting the commalicories; , and 
| mukiphringeliby eee, it is x Bis mh 6 = 
=32c'e 


Therefore +24 — —260ce'=—bb bbbb, 
And-pe*—2c' 8? ho =o cf — be, 
Therefore, (for e!—c *=4/8 * —2e* c*+75) 


| re? =cecohoy/ e%—b5, - 
If now in the firſt caſe c be greater then b, 
then put c 5 — b*=4*, 


SJ Then it will be eeem=cronly/ ddd ddd 


h ny ere=ccrbddd, Which is the 
prac promiſed in the firſt caſe. . 
Abbe Ito c, then c 5 — þ5 =0 

Lvill ay follow, ns ſeen (as js ewe: a” 


boye) 
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| boye)that e* — 2c? oe? + £5 = 0, therfore 
theRoot of it e? — c? So, thatiseee=—crcc 
the ſecond zquation' preſeribed, 

Laſtly,by the third caſe, ſeeing c 15 lefle then 6b, 
Put ceorce —bbbEBb þ = — dddddd 'X 
Then it will be eee= c ce / — dddddd 
the equation preſcribed in the third caſe, ant! (be- | 
cauſe of the inexplicability of / — d ddd dd) 
impoſhble, "Y 


COMPENDIUN- 


Whereas Mr. Hayriot faith Propter / — d * 
inexplicabilitew, &t, The {aid quantit 
y — 4d © 1snot explicable becauſe — 4d* iſeth 
by multiplying + 4 * by — &* berivixt which 
two there 1s No meane; forno one thing can pro- 
duce 4 © but 4? onely, arid —d © is notprodu- 
ced by + 4 * or — 4 becauſe by both,this there- 
fore may ſerve fora Comperidinns.tolaye labour 
which might elſe be loſt, in ſeeking that which is 
impoſſible to be found, | | 


NOTE; 
Tuſe b* for bbbBEb, and 64 forbbbb, | 


and * c * for þb becc, andthelike, (as Des .} , 


Cartes hath done) only for abridgemeur, as in 
the Definitions of the Powers is already ſhewed. 
6 | Pas” 
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And;cec+y/ £5 — 65 with that line over 
to diſtinguiſh berwixt 4/ c *— þ * as one 
quantity, and y/ c © taken by itſelfe and — b* 
taken apart alſo, for by ſuch miſtakes may great 
errors {ucceed, | 

I will adde no more rules,theſe 4 may be mul - 
tiplied by any one that doth not find theſe ſufh- 


cient for his purpoſe, at his own pleaſure, 


— 


Le ct 
* 


CHAP. VF 
Of Reduition of Solids, 


Hs {poken in Chap. 4. Ryle 2. of ma- 
king bbs —- 2 4qq== ddd, and mn 
Rule 4. of c*—— b® = ddddadad, 


 Ithink it not amuls here to ſhew how ſuch Addi- 


tion and Subtra&ion of Solids may be performed, 

And'it may be noted that d d 4, is for brevity 
fake there uſurped for g gc, or ſome ather (olino+ 
maal refang's Parall:lepipedon, equall to the 
Binomial re&angle Solid b bc — 2:qq q, for if 
this Binomial could (by plaine Geometrie be) 
given ina Cube, as is dd dfomeching elic might 
be done which here 1 will not ſpeake of. 

Now therefore ſeeing 6 = 3 q as there. it is, 


_ th: #quation may be written 


94q4c—2 q44q=d dd,or rather 


$71 —2994=gge. | 
> F'3 Make 


: ; 
Wl | 
: 


(70) 
542] ; + NW | = 

Make —— ==f,, therefore 2994 q==24fc, 

TIES | 


Secondly, make 9 4 7 — 24f =g g, from thence 
it 1s plain that 66c—249qq=ggc, Which | 
was firſt to be done. | 
Secondly, to reduce c © — 6 © into one intire 
Solid, thouzh not into a Squared Cube as d ©, as 
1s uſurped by M*, Harriet for brevity in writing, | 
or facility in reaſoning, Pag. 100, ſuppoſing that 
done which cannot be done by Rreight lines and 
circles hitherto, | 
Now therefore ſeeing c * — þ © 1s produced b 
multiplication of c cc 4-bbbintoccc — bbb, 


| cc * bb 
Make _—_ f, and oo = g,8 f-pg*=q 


and f— g==p, therefore bef = cc, and 
beg = bbb, andbcq=cec-þbbb, Sc- 
condly alſo b cp= coc— bbb: And there- 
forebb eepg=cccecc—bbbbbb, which 
was ſecondly to-be dene, 

Example tn Numbers, 

Putrþb=2ande= 3: Thenc co * =729, 
and bbbbbb=64, andthen coco oe — 
Bbhbbb, that is 729 earn 66 5, which 
15 produced by multiplying 2 7 +8 by 2 7 — 8; 
that 15, 35 by 19, Now make f=2, and 
© "00 2 


" arg -, - # - 5. 
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g =}, then fg =54=9,and f=g= 


=3:=p.. And beqz=35,andbep= 19g, 
And laſtly 6 6 cc pqg=665. © | 

Moreover, it you make. p q = x x, the Solid is 
further reduced to þbe cx x, which although 
it be'not a Squared Cube, yet it hath a ſquare root, 
namely b c x , which may be of good uſe in ma- 
ny caſes to reſolye Equations into Analogiſmes, 
of which kinde of Demonſtration, by help of 
Exclide 6, 14, ſome notice 1s taken before in 


Chap. 2, 
NOTE. 


The three caſes of the zquatis a? — 2 6 b a==2c*?2 
.mentioned inthe beginning of the fourth Rule of 
the laſt Chap. are called by M*, Harriet, the firſt 
Hyperbolicall, the fecond P grabolicall, the third 
Ellipticall , becauſe of ſome {militude between 
them and thoſe ſe&ions, of -which three Caſes, 
the firſt 1s refoluble by a Conique Section, the ſe- 
cond by a Circle, and the third not at all, 
CMnultiplication and Diviſion of Solids is al- 


| together as eaſie as Additionor SubtraRtion , for 


| pe | 
it-one would divide c c © by bb, make—==x, 


cx 
and again make — thefi z 35 the Quos«, 


tent required, * 


Ex- 


(72) 
Example in Numbers, 


CEC 
Pue b=2 and c=3, _— 6F) 


EC 
i$ finde which , make 72 =x=2} , then 


25 it ſhould be. 

Again, uf c* ſhould be divided by 6, it is now 
CEC "IT: | 
—_— and multiplying by 6 it 1s eng 


c? 


Again, multiplying by c c x 1s — bee, 


and becz isthe Quotient required. 
But if it be required to bring the quotient toa * 
Biquadrat,make b z:=2A dzthen c cd d=b c c 4 
ore make c d=ff, then the quotient wall be 
Tiff. 3 
Multiplication is naturally ſo eafie that there 
needs no more be faid of it, then what hath 
been ſaid already in Chap. 1. 
* * Now, of zquations, conſiſting of 3 termes in 
continuall proportion as 4* +-bbaa=c*or 
ſecondly 4 © — b bb a" =c *,or laſtly let it be 
—4* Lbbbba*—c*,let them firit be pro- 
poſed in numbers as 4 *þ2 a4 =241 tf by 


Rule 


(73) 

Rule 1 of Chap. 2. it be wrought,it will be found 
v 25—1=44,and 44 = 40r4=2, 

Otherwiſe if the ſquare of halfe the coefhcienr 


» be added on both parts, then 


a*+bbaa+1=z2x 
And their ſquare roots allo are equal]; that 1s 
444-1 =5 anda a= 4or4 =2as before, 
and the Jatter may prove the former, 
. 2 Intheſecondllet it be a5 — 10 4a4=459 
Adde 25 to each part, then it it is 
aaaaaa——104aaa +3; 484, 
Now each part of the zquation 15 « Square 
& their Roots allo are equal; that 134 4 4 — 5= 
= 22, thatiS 444=27, and a=, 
3 Laſtly, If —a* +700 4*=4687 5 
from the Square of ?2*, thatis, from 1 2 2 5 © & 
' take the homogeneall 46 $7 5 , there remains 


& 75625, whoſe fquare root is 275, Andeither 
WF 350+275. Or 350 — 275, that is either 625 


or 75 1s cquall to 4444, and 4 =5, Or 
y qq. 75 =4, which CharrRer 4//qq. ſignifies 
the BiquadraticallRoot, 


NOTE 


14 The firſt and laſt of theſe three 2quations,. 


may be done aſwell in Lines as Numbers (by the 
{aid three Rulcs of Chap. 2. and ſo any zquation 
of 4,8, 16,0r,32 dimenſions, but equations of 
6, 12,0r 24 dimenfons, cannot be effeCted mh 

ed 


 *not be done, 
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| becauſe there is ever one or more Cubique reots 
to be extracted, which without two meanes can- 


For if it may, then I fay, that two meanes be- 
tween any two lines may thereby be found, for | 
' in the ſecond zquation 4 5 — bb baaa =c* 


by Rule 2 Chap. 2 c* +26 is a ſquare, make 
— thenbd=cc, and bbdd=c*t, 
b 5 | 


| bb 
and bb ce dd=ceceee, then makeF ——=f 
c 
COELS- » Hits dhe gs 6, Now 
; 
becauſe —— = 4 f, make þ = , f\, then 


F 
eee hh =$5b*, 5; 
Make fo=14,thencchh11=3b*, Again, 
make bb +hh== mm, anddd+![=»ny, 
And then wxwillbe, ,c cm man=bbecdad 
b+ cc hbhbllthat is, c* +3 b5,to the ſquareroot 
hes .bb 
hereof c 92, add 4 b b b -thus, make F— =p; 
- | 
nmpar{35, ent Sapp 45655, Male 
Pp 


— 


——_—_ 


{4 


— = 4q,then mx q=3z bb b, Laſtly, make 


£+q=x, then itiscmnmt-ibbb=—mnx 


oo Aa a, by C; hap.2.Rnle " I Now if m, 1, and 


4 4 A 


= _——_—____ 4 OO PI_ —_—  — —— ia ww — — + TU 


{4 
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x be proportional, then the middlemoſt is equal 
to 4, but that is uncertaine, and cannot be made 
otherwiſe : But by making ry} = »s » it will be 


* ,rx=—at and a willthen be the lefſer of two 


meanes between r and x if 7 <C x or the greater 
meane, ifr >x, Andioif r and x had been 
given , and required to find 2 meanes between 
them by retrogradation orderly, one might come 
to the {aid zquation 45 — bbbaaa=c* of 
which if the root 4 be found , two meanes are 
allo found between r and x which was to be 
proved. 


EET 
mt. 


CHAP, VI. 
Of Surd Numbers 
Rule 1 


T# c ſpare root of an 'y nmber beins multi- 
plied by that number, produceth the ſquare 

root of the Cube of the number, p57 

'-» For. y/ 4, multiplied by 4 produgeth 4 yf &, 


- but y a= 4a44'tor taking Equimwltipli- 


ces they will be equal, as if the firſt, namely 
4 +4 abemuliplyed fill by y/ a, the product 1s 
4 y 44, that is aa, Andit y/ 44 abe multipli- 
edby y// 4 it produceth 4,444 4 that 154 4 al- 
fo, wherefoxrea / a= + 4a 44. And therefore 
34 3= wv 27 either of which is the cube of. 
+ 3» andthe like of all others, | i 

| EI e* 


: (76) 
7) RES Rule 8. 
Surdnnumbe:s are multiplyed and divided like 
whole numbers, the Proanutt retaining ftill the 
Charatter of the Roat,, 


That is, 4 2 multiplied by 4/ 3, produceth | 


+/ 6, and'ſo of all others, 
x N. © T'E. 

Where I ſhall: have occaſion (if any be) to 
ſpeak of a Cuvique Root , I ſhall Ggne it thus, 
yc, andthe Biquadratique Root thus 4/ qq. 
| ME -:3, | 

To multiply, divide, adde or Subſtralt the 
roots of Surd numbers, And firlt of 

MULTIPLICATION. 

Beſides that which hath been faid in the laſt 

Rule above, theſe roots of Suzds may be multi- 
plied and divided, and' known by other names, 
to as ſometimes the produtts , or quotient ſhall 
be ratiovall, Firſt,: therefore*any 4quare root 
doubled is thaſquare root of rhe-quadruple, as 
24/ 55=+/ 20and 24/ 26== 4 $0, 
35 =4qv5=H80,5 5 = 125. 
24/ lo==4d 40. '34/ 10=» 90, 
44 19=4/ 160,and5 4/10 = 4 250, &c, 
infinitely (fl muliplyingthe Numerator, 2,'3. 
4 55 &c. into it felte, and'the product. 1nto the 
'tnrd number, asif 34/ 10=4/ go; ttariſeth 
from $ times/3-1nto-the ſurd number 4#/ 10 : and 
th: lik: of all ochers wharſoever, | 

Forput / a = 4/110, to be multiplied by 


another 


ns En 


wo => d 


$. a 
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' ariother number, as by a= 10o, the produ& is 


ay a=10y 10, which by the firſt role is 
ys 444a=+y/ 1c0o, that is, the numerator 10 


'1nto it ſelfe making 1ce, which multiplied again 


| bythefurd  105gives / rcc0, 


And if it had been atfitt / a= x 10, mul- 
tiplied by any pther number, as e== 3, thepro- 
duct muſt by the ſame method bee /a=e1y 10 
that 15 (by ' the ſame reaſon as the former) 
 eea=+y/ ecto=y/ 90. 


. And it 1splain, that if _— be multiplyed 


4 "*: uadruple; 
: C7 The product ſhall Noncuple. 

47 be the Root of >Sedecuple, _ 

5N\ the Vigintiquantuple, 
6= "Tr1gintifexruple, 
And fo forward infinitely , according to the 

proportion of the Squares of, the Multiphers 

Aifo by Decuplation;as if 5y/ 5 =4/ 1255 


then 54 50=4/ 1250, Orif 4 4=y/ 64 


then 44/ 40=+/ 640. And (as above) it 
44/10 = 160, then qy/ 100=/ 1600, 
_Alſo by Subdecuplatis, if 2 / 10 = / 40, then 
24/ 1=y/ 4. Or if 5 / 26=4/ 508 chen 
$4/ 2=+y 50. And (according to that afore- 
faid)3 4 37—=wv 333,a0d3 yf 36=y/ 324, 


* thats, the ſquare root of 3 times 3 times 36. 


"And this may often be of uſe,not only in num 
bers but Species, and 1s thereforc to be had ih 
memory by him that would be ready in Multipli- 
cation of Surd numbers, or Surd quantities, - 
yt- 


(78). 


Furthermore it may be uſeful to remember that 
in' Reciprocall Surds a5 44 5and 5 y/ 4 theſe 
two haye that proportion? one to another as 4 
hath to a meane betwixt 4 and 5, 

| As for example 4y/ 9 hath that proportion 
to9 4 4 as hath 4to6,which is a mean betwixt 
4and 9,for 44 9=12, andg f 4=18,but 
4' 6" 127 18” or moregenerall 

are' ey 4a” 4' & ae” oh multiply 
the Meanes, it is ae / 4 and multiply the Ex- 
treames$ it is 4 ſ 4ece, & divide cach of themby 
# the firſt ise/ 4the other is / ae e,butby the 
former part ofthis rulee / a= 4/ ace Vere: 


fore this is proved, | 
| CONSECT ART. 


, Hence it is evident that roots of themſelves 
inexplicable may beſo multiplied as theprodut 
may be rational : for if / 20, be multiplied by 
4v 5 the produt willbegq/ 1200==40, 
 Foray/ 5=4/ 20and2y/ 20 = 80,there- 
fore 4vV.,5=+/ 80, but / 80 nwltiphed by 
v/ 20 gives y/ 1600= 40, 


- 


I need fay nothing of Diviſion, for that is no 


more but by -th2 ſame ſteps to go back again, as | 


+ 1600 diyided by y/ .$0 quotient is 4/ 20, 


And fo. of the reſt which hath beenfaid in multi- 


plication, if 
Note 


s 


[| a 
| 


F* 


F 
_ 


| 


« 
| 


' 


A. 
> þ 1 
. 


\ 


(79) 
NOTE; 


 Theſethings being ſo , it will not be hard to 
find ſome number to compare with any S#rd 
numberſo as to make that worke rationall and 
exprimuble which ſeemed not ſo : for there is not, 
any ſurd number can be given which may not by 
ſome multiplication be made a rationall number: 
for let it be 5z4/ 7, y/ 8, or any of theſe as 
+ 7 multiplie it firſt by 4/. 7 that produceth 7, 
but multiply 4/ 7 by any ſquare number what- 
foever, as by 4 omitting the ſigne /, it gives 
28;then again multiply / 7 by y/ 28 itprodu- 
ceth f/ 196 = 14, | 

For this 1s all one as to multiplie one ſquare 
number by another , which muft needs produce 
a ſquare number, 

So heer the: ſquare number 4 was multiplied 
by'7 and after by 7, that is by 49, which multi- 
pliers cannot produce any other then a ſquare 
number, to wit 196 Exclid.g.r. | 

And whatſoever hath hitherto been ſaid of 
Quadratiques, may ſerve for cubiques alſo; due 
reſpeR alwayes had to the degree.of the quantity 
and root', for any /c. multiplied by 2 gives 
$4/c. by 3 it gives 27 wc. by 4 it gives 
649 c. that is 2 4/c. 8=4/c. 64and 
3vc. 8=yc. 216, and' AR NO 
34/c, 237 =+4/c, 729 the proportion (till 

TT” 


— me Ons 
————— ern me — = 


 ſubſtraction,multiplication or divifion; for they 
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increaſing as the Cubes of their nultipliers, 
And the like @onſideratioh had, this may be 
applicable to Biguaaratiques, or any higher or- 


I, 
And till whatſoever hath been ſaid of multi- 
plication;ſerves in a retrograde way for divifion. | 


alto. 


Rule, 4 | 
For eADDITION. | 


ma din. ad 


Surd roots are uſually add:d and ſubſtaacted 
by the figns + & — as the ſquare root of 2 added 
to the iquare ro>tof$, ſum is / 2+ y/ 8orl, 
fubltracked retisy/ 8 — y/ 2. | | 

Burt thele may be add:d into one ſumme for 
ſeeing $ is quad:upleto 2 therefore | 
24/2 == 8. And the ſumme 1is3 4 2and 
the remaine 1s 4/ 2. Likewiſe the reciprocall} 
Surds 8 y/ 2 = 23 y 8,arecapable of addition, 


VIE NO" 


arebeingadd:d 2; 32thatis 4/ 288; ſubſtra-| 
Qed, y/ 32; multiplied y/ 4096; divided y/ 4* 
out {uch as are neither commenſurable_ nor reci-} | 
procall cannot be amaſſed into one ſuinme. | | 


And the ſumme of the former addition of 
/ 8+ y/ 2 being already reduced toy y 2 
may be yer further reduced; to y/ 18 for 34 2f 
38 equal] to the ſquare root of three times three| 
EnS tunes! 
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times two as hath been more then once ſhewed, 
And generally when the Surds given are de- 
nominated by numbers in quadruple _o—_ 
as y4ſ2to 48,and yd 3toy 12 &c. thelefl 
and the greater twice being added together, as 
2 tO 16, or 3to 24, the ſquare Root of thetum 
is equall to the ſam of . the two ſquare Roots g1i- 


| vento be added, thatis, / 2+ 8=/18, 


and 3+ v/ 12= 27. 

The reaſon. 1s, i ++ 4 = 4/9, which 9g 
is compoſed of the leffer once and the greater 
twice, that 1s, as oftenas the 4/ 1 15 containedin 
the / 4. | 


Bur it the numbers be prime one to-anothersy 


\ they mult be added or ſubtracted by the fignes + 


and — , for theſe Rules reach not to primes, 

.' Andhaving laid this little to acquaint ſuch as 
are wontto be afr aid of operations where; Surds 
are preſent , with this which will render ſome 


| things cafie which pethaps ſeemed hard, and 0+ 


thers which were hard, lefſe difficult, I will now 
leave this ragged SubjeR, and' recreate a little 


| with a few cahe Propoſitions; the performing of 


which may ſezve to recall unto'uſe and'practice 


that! which hath becntpoken of $olids inthe for- 


- mer[Chaprer. 1h —— 40 o+ 


' 
* «$4 4" Fv 4 x 1 og 7 
: #1911 , \$ a # "r; 


{a 
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Cm. ——_———_— ——— 
— 


— ——_— — 
= 
—— WV 


CHAP. VII. 


Prob. 1. f; 
Ny right line being given , to divide it into \ \ 
twa parts, ſo as the ogy of the whole 


and one of the parts ; may be tothe ſquare | * 
of the other part, in ſuch proportion as i betwixt | 
any two right lines given, L 
Let the right line given be 6. 

The {| ———_— a. L 
Then the other Segment is GbS—4. '$ 
And let the two lines given be r ande. 
Then 6b —ba'” aa” r' 5s". r 
Andr 4a =5sbb —5ba, per 16,6. Exncliae, | , 
That is, re et rmarabthe | 
Make — ==4, and divide all by ». 4 
r 
Then it is, 44 ++da=4db. Make db ff, |* 
Then laſtly it 15 8 a--da=ff. And « 15} © 
cahily found by Rxle 1. of Chep. 2. | 
And if it had been required to have had the | 


ReRangle + or — ſome other plain to have 4; 
had + #5 rem proportion to the ſquare 44, 'X 


the þ 
work had been almoſt the-ſame, with ſome ſmall x 


Prob, FT] 


(83) 
+ | Prob, 4, | 
To make 4 Sculenn Triangle ; of which the 
» Baſe, Perpendicular, and projortion of the other 
* Sides ſhall be given, (I account that the Baſe 
- Which ſubtends the divided angle,) 
ls | Lerthebaſegivenbe 6, the perpendicular & ; 
: andthe preportion of the other ſides; as r tos, 
* of _—_ __ 4 be = lefler, 

: And for the kefler ſegment of the baſe put 4: 
Therfore by ſuppoſition, 

if & vc o4-ad vcodobb — 2b abas” 
| So that the ſquares of Lon a3 alſo proportional, 
rrias cob ad oooh bb —2ba bad”. 
ae, And by multiplying the means & extreams, It is 
t5 a ab rieem=rrcebribb——arrbs 


d=rraa, Thar is, | 
ef (i148 —rrdaparrba=rrecrrbb 
| 1s  *FIEEC | 

y | > 

ke — =x. 
the | _ 


the "And divide all the xquation by , Then it as, 
all | x 2.4 —raah2rba=rochrbb—xer 
| Scondly, make x — r =f,&gg =bb bcc. 
ob, | Fen it wy fag arFartrgg —X Cc. L 
'B | 
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"0 : 
Again make £3 =þ, and: ——==k, and di- 


vide f.a 4+ arbamrgg—xccbyf, | 


| Then it will be 
{ED WW : 5 
| NPs a 


Fy 
& s 
- 


=hg—ch," 
| Spp.-- | iN 
Laſtly,make — = q, and bg — ke =mm' 


The: Equation' finally redic ed. will be then ; 


aak qa==mm, and 4 may be found by the} 5 
firſt rule for ſquare Equations, Chap, —_— 
| _..:*- . 
«Any number being given, to finde two other 
m#umthers ; fo as all: *hr- three may conftitute aj V 
Reft angle Triangle, . ESE. 
- , Unto the Square of the number given adde 
unity, the halſe of the ſunime ſhall be the hypo-} 
thenuſe, or from the ſaid ſquare take wiity, the? 
halte of the remain ſhaltbethe middle fide. = 
For let the number given be- 4, the ſquare is #2 
-4 a, to which adding unity, the ſum is 4 4+ FA 
the halte whereof i$3:2:#-4- ; for the Hypore A 
OO 2 OY IRA I EY Os " 
Secondly , from 4.4 take unity , the, reſt is 6 
44 — 1, the balfe whereof is, 44's + for the T) 


middle {1de, But 


(185) 
| * Buttheleſflerfide (by fup ofition) i; is 4, 
- The ſquare of the leſſer fide'is 44. 
The ſquare of the middlerneſt is 5 MMAA—I44- 


- Boththoſe ſquaresare AA RAS Lac 
But ths ſquare of the lg eines: : FEY 5 
is equall tothieſe, that, £4 * 4-4 44 
| Therefore: by+ the 48. oft the firſt of 'Exclials the 
; ATE» proved. 


_ 70. ROLLART. 


en | Hencel it 1s is plain, that the two greater {i {ides of 
he | any reRangle Triangle differ K unity , for if 
| two Squares differby '2” their halyes differ by T. 


] 
| . NOTE, 


ey If ; it be required to have all the. three ades' in 

, a} whole numbers, then the leſſer fide muſt be an odd 
| number, - 

Ide 


zo-b | Probl. 4. 
the} © The difference of the ſides of a Reftangleywith 


| the Area and Lach in one ſum, bemmyg given 
C al in numbers, to finde out the ſides. 


ay Let the difference of the fides be! y 
4 And the Area and Diagonallcogether 73» 
And putthe leſſer fide equal to : 4 n 
henthe greater is. a 
- - Theſ two multiplied produce 4 o y 7 4, which 
»s poaud to the Area, Go - 


( 86). 
And therefore 73. — 4 — 741i5the, Diagonal 


Re bper® web 18: +5 g —146 44 
rh44 454 14344 


Mu SR \ 


Which reduced and righely ordered, Is 


J-44 ad + M4 £44 97.4—10424r+5329 
Which by the 47. of the firſt of Exctide, 1s cquall 
tothe bay ſquares of the athir figes 4,and a4» 7, 
whoſe ſquares arc 4 4, and 4 4+ 14 4 +ag. 


That is,| 44 # 4+ 14 #4 —g7 44 —10224 
+3329 = 2445 14 a+ 45, © 

That is 44 644 1 Ma atdi=nodi 
= 5280 = 0. 


That is, — 4444 — = rs 99 44| 


+ 10364 5296.” | 
In idk zquation, becauſe 444 4  hakkan 


dimenſions, and the Homageneall 5 286, but four | 


places, the root 4 res cankiſt of more then 
one le act be found Eby 


c. ane wy if 
and HiRYs Bond on Ba at aſt PS 
areberk is Si7s WY Are fy and 


Diagonall -x 3, - 
Bucif a hal beerttyore of 1efſe er (ex- 
ceptſomet leads readier a 6 


IA ; | t ' ale 


72 


| 


: 
ws .,YyY » 


aa Sas a— w__ v0 _ Kt ©» X=s 
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alſo too little, then 9, fo there will be no need ta: 
try the even inambers , 6, 8, &c. for if 5 be too 
little and 7 too great, 1t mult be 6, the like reaſon 
will ſerve for 8, 4, 24 ſo that he which gueſſcth 
moſt unfortunately , necds not try aboye four or 
five digits, which is no great matter, the like 
happening ſometimes 1n ſeeking the qnerient in 
"7 diviton for no main is ſure to guelſe Tight 
at . EY. | 
Bur that we may exemplific this in bigger 


numbers, where 4 may conſiſt of rwo vr more 


_ 8 
_ En of fadesbe 71 
earca and diagonal together 1177. | 
Workitg pa HR example, _—- will 
uſe an equation, qhickbeingedurrfl ang or 


dered as before, will 


— M444 —143 44 4268544167 2764= 


== 1380288, 
And putting 6, c=4:5 
"Then the Canen of the reſolutivg will be 
=bbbb-4bbb c-6bbe c-gb core 
—143bbb=—4q#6bbc --416b cc =143cc 6- 


bf — 2685 bb 5370 &c -- 2685 co - 


+ 167376 b+4,167276 c, 


To be order| & — from the homogrnta Il 
number ena 13$0388, as followeth, 


- 


I 


? 


The number given 


F ? 
" - Fy 


+I 380288 


LI (9 
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The fitft fingle root b=1n, i 
—bbbb 1.0000 © OR 


— 14255b. 142,000 
| — 268546 2685,09 


.. In all — 4205.00 
+ 16-5276 b 165276.0 LT 
SubtraQ(the differetice of +8 T2 s 25 2260 


A 
4 


Remains bf the nilnber give | "grape 


$274) - ' 


The firſt Root decuphare bc =10, 


—$$66,4000_,... -__.... 
—66b . 0600 "gi 
—46b 0040 wel 300-7. 
— 42666) -4 dqov. 21:52: ; OA 


1426 b 420 0 | / 17 7 
70, 53799. 1:4, 
They, ,—105200 isallthe — 


And + 1672 76 'isall the-wþ=! v 7 


| Diviſor —— 2076 15 ther drnce et 
"The ocned ge gt z” 


+ 4.» WY 


Re- * 


— 
—— 


t 
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Remains of the number given 1 28028 


-- 


—46bbec I 2000 
—G6bbce - 5400 
—4bceo .TIO8I 
—CCcCcc GOP 1 


— 426 bbc 127800 
— 426bcc \ 38340 
— 142 CCC + +3834 
— 5370 bc 161100 
— 2685 6c 24165 


In al — 373800 
A1672976c=501848 


All the — being 3738 00 


The diffetece is 4138028 


' Which being taken from the remaines of the | 
number even dla 128038, there remains final- 
ly nothing, ſo that the given #quation 15 juſtly 


reſolved by the Root b 4 c=13. 


The letfer fide '4 is- therefore 13 ,'to which if 
the difference given, namely, 71, be added, the 
middle fide 84 15 thereby compoſed. 

Again,ifto that middle fide $4 be added unity, 
the hypotenuſa of a righs angled triangle is com- 
poſed, whoſe three ſides are 2 3, $45' 85. 


The 


(90) 
The Superficies. of this Triangle 1s halfe the 
parallelogram or re&tangle required. 

For 84 multiplied by 1 3, gives 1092 for the 
area of.the reEtangle, to which adding 85 the 


Diagonall , compoſeth the number 1197, as was 


' required in the Propoſitzon, 


COMPENDIUM. 


Seeing the two greater ſides of any jones | 
by 


triangle, exceed one another by unity {as 
former Corollary) the difference betwixt-the two 
lefler fides being given, the difference berwixt 
every twoſides15alogiven, 
Sothat putting & for the leffer fide of the re&- 
_ the greater fide is 4+ 971, and the diago- 
| a+ 72, whoſe fquare 1s Tr [4 4 
+ 5184, to whichthetwo ſquares of Fes, 
being a 4+ 4 4-+- 142 4 + 5641, are equall: 
at 1s, 
244 +142 4+ 5041 = 44+ 1444-5184 
AndſubtraRting fromeach part 


A 4-5 1444+ 5041 
There will remain -þ- 4 4 — 24 = 143; 


|. Aud «willbefound r3,by the ſecond Rule of 


Chay. 2. 
RESUMPT. 


In the ſecond: Prebleme of this Chaprer it hath | 
been ſhewed how upon 'a Bafe =" 


_ - _ - 


(97) 
and proportion of the remaining ſides givett, ts 
deſcrihea Triaugle, 

It 1s there to be underſtood of an acute angled 
| triangk, in whichthe perpendicular falls within 


” the triangle, ; ; 
Now therefore ler it be otherwiſe, 


| AsSin' this figure, of the triangle ad b, lee 
| thereby giveng the baſe «b=6, the perpendi- 
cular d'e==0, and the proportion of the other 
| fides, namely 6d =7; and da ==s5, whereas in 

'* the ſecond Probleme, the leffer ſegment of the 

| baſewascalled «, and theigreater 6 — 4, Now 

\ þ here thelinebe my be' called s, and 2e ſhall 
'\ be 64-4, andthe reſt of thework will be like 
that before in Probl, 2. 


NOTE. 


And it, way be noted , thar why pw = 
| the. 


(91) 


(the ends of the line 4 5) be drawn other binarie 
lines, how many ſqever, ſq as they hold the ſame 
proportion as 5to 7 and concur. in other points, 
as c, f,'g.&c. Thoſe points are all in TIT = 


ference ofa circle whoſe center 1s 1n 
produced towards. g.' © 

For upon 4b deicribe the rectangle triangle 
a b c whoſe two ſides 26, cb, may beas 5to r, 
and divide the angle ae b into two equal parts 
by the right line c x,and draw c q-perpendicular 
to 4c.In c, then theangle xc q= 98.—xc 4 
likewiſe the angle cx q=90 — xe 6,-but 
 sxcb=Xxcathereforex,c.q= cx 4; and” 
£q=X&X9. 

And becauſe of the {imilitude of the triangles 
acqandebgitiaq” cq 'bq **'* thatis 
_ £5. 65 1 Be 

Now by ſuppoſition ag' by" act; be'' 
_ Angiithath been proved a4 x 97 © 6947, 
- Therefore by compoſition alſo, it will be 
aqghxq' xq+bq;" x9 bq, 
| Butac" be! agyxq' 

. Andzy/ bq''aqxq”". Y S | 
Therefote# g ' bg '/ aq xq"x4469"", 
And therefore 4g =aq+xg.Andxq=g gq. 
-But it hath been proved that x q= eq. 
 Thereforex q=&'q==g 4. Wo 
. - Againe, making. the center” 4 ,- and the 
ſpace 


life @ Þ, 
ii3 YO 


ſpace 4, £q,-orgq, deſcnbe the circle 
x c g,and prolong db to the circumference in z, 
and draw q zz and becauſe it hath been proyed 


f/ 


above, that ag ' bg *' ac*'be*”, 
Thatis ag * bg” »q* bq/” therefore alſo 

By diviſion ag —bg'bg'"xq—bq'bgq””. 
That is 46 ' by © xb" bg". — 

Therfore the re&angles a b qz=x b g Exu:.6,16. 
And becaufe by ſuppoſtion 


ac'be'! ad” bad”, 


, | And ac bc” qc" gb”, 
Therefore ad" bd” qc" qb* bur 

c=qzythereforead'- bd” qz 4q6b"and- 

eangles abd, zbqbeing ul the triangles 
ab ad, x, b q are <quiangular, Exclid.'6, 6. 

And rs! be 4b: db! bz'bq"Endl.6.4. 
and the _retangles d bz, — ab g* Encl.6,16. 
But irwas now worry that. a bq =x b g.there- 
forexhbg —=dbz, & So 


(94) 
Sothat the points xz, g, being inthe circum- 
ference of the Circle z x g, the point 4mult be 
in the ſame circumference. Exclige 3. 35. 
The like proofe may ſerye to ſhew that the 
oint f is inthe ſame circumference; which is 
all that was to be proved. 

This Circumference, however defired by the 
Ancients, and effteted by modern Mathematiti- 
ans, ſeems yet to have little uſe, more then to 
help the conſtruction of the triangle, which (but 
now I ſhewed) may be done withour it, 


oO WP ———.. 


CHAP. VIIL 
Of eMixtion, 


DEFINITION. x. 


COT andard finencſſe, Ts that finenelſe which 
the current Geld and Silver Moneysare made 
of, In et c99e the Gold 18 22 Careits of 

fine Gold, and two CareRs of Ally. The filver 

Monies are made of filyer ſo as the pound weight 


— 


contains eleyen Ounces, two ny weight of tine: 
Allay. 


flyer, and 18 Peny weight 
DEFINITION 3. 


If any Ingor be finer then Standard, ir iscal- 


led better , it courſer worſe ,-and this better 


2 | —_— ? un | 4 
and worſeneſſe is reckoned by Catetts and Grains 
m- 


oo *————— G—_———————— a _ 


DO ER Eg IE TT. ORR . 


- 
—_—— rl. — PII—y "ry p—— == 


| 
| 
| 


2 OP” RNC OT I IT © RIOT 


; (95) 
In Gold, and by Peny werghts in Silver , and is 
—_— multiplication of the betternefle or 
worſcnefle in the pound weight,or pound weighrs 
of the Tngot. 


DEFINITION 3. 


The Temper is that which when two gr more 
quanrities of Liquors, or Herbs, or Minerals, or 
any thing ufed in Medicine, of differing degrees 
of Heat, Cold, Drouth, or Moiſture, are mixed 


| Tpether, ſo as the whole Maſle fo made by mix- 


ing haye none of theſe four Qualities, 


NOTE, 


The Standard and the Temper differin this, 
the firſt reſpeRerh but rwo qualities, to wit, bet- 
ter and worſe: the lattet reſpeRts four qualities, 
namely, hot, cold, dry, and moiſt : yet the Mi x- 
tor dealing but with two of theſe at once, that is, 


ſuch two as are oppoſite, as are the two firlt orthe 


two laft mentioned before, or any, two which 
are alike, as both better, both worle, both hot, or 
both cold, may uſe the fame way in both, 


Prop. 1. 


If there be two Ingots of equall weight, the 
one better then Standard by 4 certain finene{[e, 
the other as much worſe, thoſe twe Ingots molten 
together ſhall produce # Fuſion or Maſſe which 
ſhall be of Standard fineneſſe Ler 


(96) 
Let the firſt /ngot b be better by c, 
The Second [got d worſe by f. 
Andletitbeb=dande= {.. 
Mulciply & by c it gives bc equal to all the 
betterneſſe of the [got b, By Def. 2. | 
Likewiſe c fis equal co allthe worltneſle, 
butb c=4df. 
Therefore the whole F#ſion b 4- © is aſmuch 
better then ſtandard as worle, 
Wherefore it is neither better nor worſe, but 
juſt Standard finenefle, 


' Prop. 3 


If two Ingots to be moltes differ in weight, 
quality,and degree of quality reciprocally, that 


&, if as the weight of the firſt , to the weight of 


the ſecoud , ſo thed egree of worſt neſſe of the ſc- 
cond to the degree of betterneſſe of the firſt, the 
whole fuſion Gal be Standard fineneſfle,” - __ 
Let there be quantity 6 betterby c, © _ __ -- 
And quantity 4 worle by g. I'm? 
Andletnbeb' 4d” #o* oC: pry 
Therefore b c ='d g Eucl.6.16, _ 
Namily all the berterneſſe equal to all th: 
worlineſle, and therefore the mixtureofthe maſſe 
neither better nor wo:ſe, The ſame arguments 
will ſerve if the' Propi/riop had been in' Liquors, 
co proye the mixture tobe remperate;) 33! * 


ads PxoP - 


nn, 


—= 
x 
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Prop. 3 
If there be two quantities of Silver or Liquy, 
of divers qualities, or divers degrees of the ſame 
qualitie, if all the betterneſſe or all the worſt- 
eſſe, all the heat, or all the cold be found out by 
| multiplying each quantitie by its qualitie , and 
taking the difference of t hem if they be oppbſrte; 
or the ſumme of them if they be alike; that diffe= 
rence or ſumme divided by the ſumme of the 
uantitie, gives (as ſome call it) theforme re- 
fabing or the degree of betterneſſe, worſtneſſe, 
heat or cold,of the whole ſafer or mixture, 
| Let there be quantity b hot in g. 
And quantity d cold in þh, + 
Then & g is equal toall the heat of 6; 
. | Anddbequalto all thecold of d. + 
| 


bg >4b then® omen is the degree of the 
form reſulting, Hot, - Orifb g<dh, theu 


. h —_ is the ſame in coldnefle, = 


| Nowalthough this isplaine from Def. 2. bes 
cauſe all the heat 6 g — 4 h, or the coldneſle 
d b — b g.of the whole mixture, ariſeth by mul- 
tiplication- of the ſeyerall qualities by, their re- 
> + # 1petive. quantities, and therefore that whole 
: heat, or whele cold divided by all the: weight of 
the {eyeral quantiries,gives the quotient equal to 

the degrce of heat or cold of any part of the 
weights, which in reſpec of the whole weight 
tidy be called one , which degree of heat: here 


(93) 


be —dh 


—=-——— being multiplied by the-whole-weight 
bd SYS : 
namely by 6 + dgives bg — dþthat is all the. 
ime rig antgninn <p 
t e weight, and therefore ————- 
t of all the weight, a iT 
is that which we call the forme refulring, and 
db — bg _ y- 
—iKtbg << dh; Yetcthis may be further 
bk 4d 


confirmed by.that Rule given.by.Mr.. John Dey 


mn his Mathemats gall Preface betore Exclid, 
The Rule which there heiſhewethrixthis, 
What proportion 1s of the leſſer quantity to the 
greater ,-the ſame is of the difference be- 
ripgen the degree of rhe forme reſulting ayd 


the degree of the greater quantrite t0 tbe 


forme and the degree 0 the efſer Feantitic. 


Here therefore let be þ <Cd for thats, free, 


Alfo letirbebp > d hb... 
It is:to.beproved by. the faid Rule , 


that's { FL þ — OR ——— 
| btd b +4 
Multiplie the two later by the'c5mon denomina- 


- 


de d-dh, 


tor b Pr gg firſt gives bg. + b by the ſecond'- 


difference between = degree of.c he: ſaid: 


by — dV by F4b” | 


— — —_— , 


6.» 


| N 


& 
th 


th And | © 


_ 


_ m— 


J bs 
Now becizifa the Kage by is otreater then the 


i 
# | ind accofingto Mt, Dees Rule it will be 


” I) 
Andtheiſore b'd”" bg+bh' d 4h * 
Multiply the means it Ee; by +7, + like- 
wiſe the extreams mulriplied i iS 7, g+04 bh: 
Andtherefore the Analogiſme which was to be 
proved is tric, by the 16. of the 6. of Emclide. 

In like fort if it were 6g Yd b, andb<d, 
it might be proved, that 


db+bg' . dh—bg” 


5+4 +75 ry 
; Laftly, if gand hwere like qualities, that i is) 


9? 2. RT 


| both Hot, or both Cold, and 6 a, It 15 then 


to be proyed that 
b db 7 5 Bn Th 
þ FIL OG ooo £+ Kit == 
"bis * b+4 
And reduced b ' 4 be —bb' dg —db" 
Which is manifeſt, 


Example i in Numbers, 
Firſt, Let it' be put -6=5, g=4z d=—=7, 


and h=2, 
bg —dh —- 
| Thenbg= 20 \&dh= 14,8 — — =» 
bk 4d 


Gold d h ,'. the whols od Fin ſhall be hot, and 
that heat ſhall be in the.middle of the firſt degree,' 


H-2 5 mn 
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$' 7 237 347, for the difference be- 


= 


tween the form reſulting which 1s hot 1n 4 and 
the greater quanrities degree, which 15 cold in 2, 
is 25, likewiſe the difference between the lel- 
ſer quantities degree, hot in 4,and the forme hot 
in & 1s 35 : So thatthis1s right, 

Secondly let be b = 5, g=2, d= 7,h==4, 
dh —bg 


in oppoſite quaſttics þ and g : =D 


It will beg 7 "4 —15 ' 2+ 13(for3i= 14. 


Thar is, 5* 7” 247 35 as before, and the 
forme reſulting cold in 1-5 degree, 

3 Laſtly, letbeb=5, g=4,d= 7h = 2, 
in like qualitie, for example both hot 

bg + ah : 

then ————= 2 2+ for the forme, 

And 54 7” 33 34” for the Anologilme, 
exactly agreeing inall caſes with Mr, Dee. 


And this 1s ſo plain that it needs not be exem- | 


plified in metals,it not being my purpoſe to write 
much ofthem nor of the Standarding of Gold 
and Silver, becauſe it 1s ſo neatly and fully done 
already in a little Treatiſe put forth in Anz, 
1651. by Mr. Job» Reynolds of the Mint. 

Yet the Reader may take notice that he 


which brings but common Arithmetique with | 
him, may by {ome one or more of theie three. 
foregoing propoſitions, -perform any pln Pray 4 

: ems 


( 


P_ > x an + 


0, | 
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* bleme that can be required concerniug mixtures 


in valuable metals or liquors, For firſt 


Rule. 1, 


If the weight of the maſſe be not limited , if 
any quantity with any quality (which exceeds 
not the degree of the greateſt fineneſſe) be piven, 
4 like quantity of the juſt oppoſite quality, will 
cauſe all to be Standardor Temper, ' 


Rule, 3, 


If the quantity of the maſſe be limited, and the 
two oppoſitive qualities given , then divide the 
quantity of the maſſe mto two parts proportionall 
with = qualities, and taking them reciprocall y 
the mixture ſhall be $ TE or Temper, by the 
ſecond Prop, 


Rule. 3. F 


If there be two Ingots of Silver to be molten 


| thefirſt berter by a certain difference, and the 


ſecond allo better not by the fame difference, if 


** each,weight be multiplied by its betterneſſe, the 


1C 


two produtt s added together make the betterneſſe 


th} of the whole maſſe; which being divided by the 


>C. 


ng 


ſumme of the two weights,gives the forme reſwlt- 


o=} ing of the maſſe by we. third propoſition , a 


3 


ork 


as. '_ 


(192) 
maſſe may be made Standard by Allay as follow- 
_—_ - | 
© As the fine ſilver in the pound Standard, 
Is to the forme reſulting: A 
So # the weight ef the maſſe, 
To the weight of. the Allay. 
| Butthis Rule is not pertinent to the mixture of 
liquors, becauſe mn them there is nothing agreed 


on for Allay. 
NOTE. 


Tf. the two, Ingots molten produce a maſſe | 


worle then Standard, out of any Siler which 1s 


' berter, a quantity may be limited by the {cond 


propoſition, to make it Standard 
- But if there be given the weight of an, Ingot 


worfe by a certaine differerice; and che weight of | 
th2 whole fufion be limited, and the finenefle, 


wheher Standard, or beter, or worſe; This Rule 
doth it. Multiply the weight by the worſtneſs,and 
divide the prodgtt by the betterneſſe of. the Sil- 
ver to be added, the quotient ſhall be the weight of 
that to be added to make tt Standard. Andi it 


be required to have the fuſion better, or worle * 


then Standard (but not worſe then.ths. Ingot 


o 


ne 


” FF 


rife en fine (ilyer.to be added, or ofmore 


ds no more then hath been thewed,  '* If 


 finenefle as the caſe requires, and which . 


. 


"I 


p<, my — 4 . 


given) 1t 15 cafily done by nkng more or leſſe ; | 


—_— — Ez 
_ 


rT 


$_—_It " 


»a.t 9 1. =” vw” 


. 


"7 


2" FIT: 


c 
by 
h 
; 
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If the fuſion conſiſt of more thentwo quanti= 
ties, all that hath been ſaid of two things niiſcie 
ble , is appliable to other miſcibles how many ſq 
ever, by reperition of the working with two at's 
time, 


Ptop. 4 
If there be three like ſolids 'equal in Magni- 


tude, and differing in weig ht, the 'middlemoſt 


being compoſed of ſome'of the matter of the firſt, 
and the reſt of the matter of the third p12 
if the relt angle maile of the weights of t he fir 
and third, Mink the retangle twade 'of the 
weights of the ſaid firſt and ſecond, be divided 
by the weight of the third want the weight of the 
firſt, the Yuotient ſhall be equal to all the mat- 
rer | of the firſt ( that is to the weight thereof) 
which is containedin the mixed ſolid. wo 
Let the firſt be 6, the ſecond c,, thethud d.. 
And the weigh: of the firlt g, of the ſecond ry 
atid bf the third 5. Arid the common magnitude 
Unity,and make 4 equal to the weight of allthe 
matter ofthe firlt carmained anthe tecond, as a> 
forceſaid. nah 2 2s po 


5 | RY , 
Andmnake 9 1” a —— . 
FINE TOY ,E..-: | 
- g / » wo 4 ; 
And 5' 1” fr =4' r—a” 


_—_— 


s 


Thereforg 
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; ot: | | 
Therefore — 1s equal] to all the ſaid matter of 


7 | 
7 = 4A * 
the firſt , and to all of the third inthe 
$ 
Mixture, T mean to the Magnitude of it. 
4s ' r—4 | 
And —— on =? 
nd q s £ 
Multiply all by q s (or firſt by q, and the pro+ 

dutby 5) itgives 54+ qr —94=945, | , 

That is, 5 4 —q4==,qs —4T, 

But q5 —qr 1s the Divideud required; \ 

And 5s —gq the Diviſor required, [ 
| \< | : 
And 2277” =, by the laſt Equation, | « 
WT ono. a / 
__ © And*a*<qual to the weight of the matter in the. 7 
_ ' firſtcontained inthe ſecond, whereforethe Pro- a 
pofition'isprovyed. Sh m 
Example in Numbers. 0 
a 


Put q=97" » r=73 and s=63 


S — 


_ Then : = 28 3, which js all of the | 
$=g —T | 
matter of 6 captained in c, 


And 


LS 


(105) , 
Andthe reſidue 73 — 28 53== 4452 is all of 4 


contained Mm &. 


Now 97” 1” 2852/7 4357 = —— 
q 
S—4h 
| And63 1 447! rt = — 
L, 
5 —4 
* BU TH IHE mc — = 
q r 
{ As1t ought tobe, the like proofe ſerves forany 
umbers, | 
Prop, TE. 
i there be three like Solids of which the ſe+ 
C0 


is compoſed of divers matters, to wit of parts 
| of the firſt, and parts of the third, and the three 
ſolids equall in weight, but notin magnitude, 4 

| | the reft angle made of the Magnitudes of the fir 
and third, leſſe the R ett angle made of the Mag- 
nitudes of the firſt. and ſecond, be divided 7 
the Magnitude of the third want the, Magnitude 
of the Fr , the | Quotient will be equall to 
| all the matter compoſing of the firſt , I mean to 
the magnitude thereof, which is contained inthe 

ſecond Solid , 


| Theproofe of this is the ſame. with the for- 
' mer, Adntatis mutands,  *: 7? 


Prop, 


(106 ) 


| Prop. 6 | 
Tf there be three ſuch Solids 4s before-in the 
fifth, andthe magniudes of the parts compoſin 
Found, if the magnitude of the parts of the Gf 


thoſe parts. 

For the common weight being Unity , As 
the firſt magmtude 1s to its weight, which 1s uni- 
ty ; So'is the magnitud? of the parts of the firſt 
Solid, to the weight of the {aid parts, (Not to re- 
tern the ſame form, but diffuſed in mixture, and 
compared in minute parts 'commenturable with 
the whole, 

Let the magnitudes of the intire Solids be 
þ 8, h, and their cortimon weight Unity , and 
et the magnitude of the parts of the firlt com- 
poling the tecond, be put equall to e. 

f 


Then f{ 1” g' —= which — is the weight 
4 , 
of the faid parts compoſing, This is plain, 


rope 7. 
If there be three $ ths, and the firſt and third 
fompe ng the ſecond as before, differing all tn 
weight and magnitnd: : if the refl ahgle Paral- 
lelepipedon made of the weights of he fr ft and 
third, and the magnitude of the ſecond (all mul- 
tiplied together) want the ret#angle Parallele- 


| Pipeden maae of the firſt and ſ[eco? (/ mean the 


weights . 


'* 
compoſing the ſecond , be divided by the magni- | 
tude of the firſt , the quotient is the weight of 


_ -——— - — >. a a can. 8 


"Wwe 
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qyeiohrs of them) and the magnitude of the 
third (all multiplied together) be divided by t he 
reft angle made of the magnitude of thefi W ard 
the weight of the third want the reitangle made 
of: the weight of the firſt, and the magnit«de of 
the third, the quotient ſhall be the weight of the 
parts of the firſt compoſing the fad : which 
weight multiplied by the magnitude of the firſt 
a the produtt after divided by the weight of 
the firſt, this later quotient ſhall be equall to the 
magnitude of the (aid parts. | 

We he AL.» £5 h , 
Let the Solids be in, . f —Y 

Magnitude &b, c d, 

And f- the. weight of the: firſt, and put the 
weight of the parts, compoſing of the ficlk equall 


to 4, 
Therefore f' b” 4 that is, as the 


weight of the whole firſt to its magnitude , ſo the 
weight of part or parts of the faidfirſty to their 
magnitude, ; 

Now. becauſe the -weight- of the-parts-of the 
firſt compaling the ſecond Magnitude g, are 4, 
the weight.of the parts compoſing of the-thiud are 
therefore £— a, | | 


b. a4 


| f dr —4da” 
Therefore ſecondly þ” g — a” 4” E n - 


Thatis, As the weight of the whole third, 15t9 


the 


(x08) 
\ * the weight ofthe parts thereof, ſo 15 the Magm- 
* tude of the ſaid whole , to the magnitude. of the 
* parts thereof, So then the magnitnde of the parts 
- of the firlt, more the magnitude of the parts of 
"the third, are equall to the whole magrnutude of 
*th2 ſecond. | 


6a do —da 
That 18-— \ - 248577 Tokens 


«Multiply Sk parts by fhthe rectangle of the 
denominators, it g1yes 
+ hb ache fdg —f ad= fhe 
That is h ba — fdaSf be —fdg 
But f h& -- fd g 15the dividend propoſed, 
Andhb — f dthe diyiſfor defired, 


But byſuppoſition 4 1s equal in weight. to the 
parts of the firlk compoſing the ſecond,wheretore 
the propoſition 1s proved as to the firlt part. 

.- Andthe ſecond partis. manifeſt out of the firſt 


| | ba'! | ba 
Khmalogilme f b'" 47 — to Wit that —. 
8 v, - Ld , 


Py equal to the magnitud? of the parts of the firtt, 


Example in Numbers, 
| Letthe weight of the firſtſolid be 8 


of 


be 


Dividend propoſed, 
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of the ſecond bo 

of the third 54 
The magnitude of the firſt 49 
of the ſecond 5O 
of the third 48 


And the weight of the parts of the firſt 4 as 
before, 
49 at! 


85 


 Tnen$5” ag” a* 


—_— * 
And 54/7 CO — af 48 / cen ont. 


54 
94 2880—484 
And therefore = -— _—_ =" 50, 
85 54 


That 15 the magnitude of the parts compoſing 
the ſecond taken together , muſt be equal to the 
magnitude of the whole {econd. 

Multiply each part by 8 times 54, that is by 


4590. | | 
It produceth 


26 46 4+ 244880 — 4080 4= 229500 


That 15 (rrduced) —1434 4 = —195 3009.- 
, Anda =105555 
Now the reQangle parallelepipedon of 85, 54, 
and 50, is 2:95co, from which taking 244800 
(which is the reCtangle parall:lepipedon of 85 
60and 48) there remaznes — 153co for the 


\ Seo 


; Asif itwere required to' part 48 in two,'and' 
FY one 
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Secondly , If from the ReQtangle of 49 and 
54, which 15 2646 , be taken the Rectangle of 
85 and 48, which 1s 4o$0, remains — 142 4 
for the diviſor propoſed. And (by the laſt X- 
an) —_—_— 
ation} — =4 
P 1434 
ple in Numbers is cleared, 


, andtherefore the Exam- 


In the Xquation before h b a —f da=fhe 


—fdgy the quantity 4 is eafily found by this 
analogiſm,; namely, | 
hb —fd*' he —dg” f' 4a", if one make 
hb —fd=mmandhe—dg=nn, 
And m'n” p, for thenw' pf a" 
Upon the ſam? way of reaſoning which hath 
been uſed in this Chapter, 1s grounded the Rule 
of Falſe Poſition, and allo that of Alligation : 
For if the two degrees of the qualities of any 
two Miſcibles , be called the two falle potions, 
and the two reſpective quantities of the faid 
Miſcibles, be called the two Errors, then the de- 
orce of the form reſulting is the true point ſought, 
or if any ofie would work by the Rule of Falſe, 
and go th2 neerelt way,” he nwlt divide the di- 
ſtance -berwixt the falſe poſitions 1nta two parts 
proportionall with the Errors, and the work is 
thereby .d>ne ſooner then by the common way. of 
Croſſe Multiplication, | 


en ct Hs Ho wr), HK mw eaen z = = aa 


LM 
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(1x1) 
ene of the parts aggine. into 3,avd the'other into 
45 1o as the thirds of the ane may-be.(4n-number 
quadiuple to the- fourths. of the: other. Suppoſe 
fult, qo and'$, and dividing:-4© by: 3,quorient is 
13;,and 8 by 4 is 2, whole quadruple thould be 
13 3, but1s but 8, ſo the firſt 'Error is —75 4. 
And putting the ſecond time 3o and 18, the 
lecond Error will be found to be + 8. 
Make therefore 8-53” 40 —30"' 8/6 
if this 6 be added to the ſecond pofition 36 
whole error we. here worked with (namely with 


' $) the, fimme is 36 for-the part required”, and 


the. other part 18 1 2, | 
And.as for the Rule of Alligation, whichis 
toadde all the berterneſle and worltnefle of each 
particular component ſeverally taken unto one 
ſumme (which there is called the ſumme of the 
difterences;) And then to worke by this Anola- 
giſme, UVizy 
As tum of all the betterneſs and worltnes mixed, 
Is to the whole Maſs, or mixture to be mad: 3 


_ So 18 any particular bettetnels or worſtneſs. 


To all that which is to be taken and mixed of 
that reſpeCtive quality, 
Allthis being manifett,ſhall net need any proof,” 


CHAP, 


(112) | 
£7 As before, Page 206, ſo here again, TI let the 
Reader know that the word Magnitude in this 
Chapter , is to be taken for the number of (mall 

rts oratomes of a Body, and not for a lineor 

perficies. | 

CHAP. IX. 
\, Of Menſuration, 

N this Chapter I ſhall demonſtrate little, as 
L notintending to write much new, but (for the 
moſt part) fuch as hath been already exhibited by 
eArchimeae and others, yet put here becauſe the 
Book ſhould not want ſomething for the Reader 
whichhath not read ſuch Authors, and for ſuch 
as (tand.in need of the thing rather then the 
Proofe. 


If there be a Cube whoſe fide is bc, and a 
Sph:re whoſe Axis ## 18 equall to b c (whictr 
h:ce we put 7,)and an upright Cone ad f, whoſe 
baſe is df, equall allo to 6 c, and its altitude 
go =bc, | 1 Thea 


| 


} 1 


ſ 


,. 


| 


} £ 


mis 415 two third parts 0 
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t 'Then the ſuperficies of the Cube (being e- 

quall to the Square 6 c f 4 multiphied by 6 1s 294, 
2 And the ſuperficies of the Sphere (being 

quadruple to the Cucle # 4 eo) 15' 154% 


3 Andthe Superficies of the Cone 
(being made by multiplying the fide 
ad=y/ 615 by the {emicucumfe- 
rence 4#0=11)is86 , and not >x 244 
conſiderably more , ro which adding 
the ſuperficics of the Baſe 383 the 
whole ſuperficies of the Cone1s  -. 

4 Andif there be a Priſme , whoſe Baſe and 
altitude are ſeyerally equall to the bafe of the 
Cube, or of any other rectangular Parallelepipe- 
don, the Priſm is the halte of che Parallclclipt- 
pedon 1n ſolidity, Excl, 12. 7. 

5 And if -a Piramis-infift on the ſame Bae 
with the Priſm, having _— altitude, the Pira- 

the Priſm, or 4 of the 

Parallelepipedon, No 
6 The olidity of a Cone or Pifamis is fond 
by multlplying its altitude by 4 of the arca of the 
ale, 


"The ſalidity of theſe other is found thus. 
For the Cube, Multiply the fide [7] by th: 


ſquare of the fd2 [49] it gives the folidity of ths 
Cube, which is 343: n | ' 8 
"Or 


(114) 

For the Sphere, Multiply the Cube 
of the Diameter | 343] by 11, and di- 1454 
vid the product by 21, it makes theC ' ” ? 
ſolidity of the Sphere,which is 


The ſolidity of a Cylinder, whoſe 
Diameter and Altitude are the ſame 
with the Diameter of the Sphere, 15\2 6 g4 
made by multiplying the ſuperficies of 
the baſe [384 | by the altitude [7] 
whereby: the ſolidity is produced== 


For the Cone, Exclide having pro- 
yed it to be thethird part of the Cy- 
linder, Exc, 12, 10. the ſolidity there- 


of is I mm mmmmrnm 


089; 


eA Fragment. 
| The ſuperficies of the Fragment of a Sphere is 
tound by multiplying the ſuperficies of the whole 
Sphere by the altitude ofthe fragment , and divi- | 
ding the Produ& by the Diameter of the here, 
and adding to the quotient the ſuperficies of the 
baſe of the Fragment, 


The' ſolidity of a F ragment (eſſe then half 
a Sphere ) # found thus, | 


- From the Semidiameter of the Sphere; ſubtract 
thc altitude of the Fragment , and by the remain | 


— —w___lW_ 
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multiply the area of the Baſe , and ſubtract the 
product from that which 15 'made by multiplying 
the ſemi-axis of the Sphere into the conyex ſuper- 
ficies of the fragment - Laſtly, divide the reGdue 
by. 3, the quotient ſhall be the ſolidity- ſought 
for, It the fragment be more then halfe a Sphere, 
fubrrating this from the whole, the greater frag- 
ment 1s thereby had. 
This Laſt Rule preſuppoſeth the Axis of the 
Sphere to be known; bur if it be not 1o,'it may 
calily be found by the following analogic, 
Let the altitude of the fragment be + 
the ſemidzameter thereof c, 
Ft c c 


| CC 
Make 6b' c —_ and make f = _ 


Then it is manifeſt by the x3 of the 6 of Exclide, 
that 6 -+ f is equal to the diameter of the Curley 
or to the Axis of the Sphere, EF 

It is manifeſt by the former work, that the So- 
lidities of the Cone, Sphere, and Cilinder, being 
895 179% 2693 - are in preportion one to 
another as x, 2, and 3, for the Cone 15 and the 
Spherez of the Cilinder, but the ſuperficies of 


; the Sphere and Cilinder are equal excepting both 


the baſes ofthe Cilinder | 293 
So by that which hath'been (aid afore the Py- 
ramis,'Priſme and Cube of equal baſe and alti- 
tude, arg in ſohdity alſo as 1,72,and 35 . _ 
2s Fhere 
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There may be other parts of a Sphere beſide 
thoſe which here are called Fragments, (not co 
{peak of thoſe which arc irregular & Multitorm) 
which are either Cones or Piramids, whole baſes 
lie in the ſuperficies of the Sphere, and their Ver- 
tices at the center , the ſolidity of one of theſe 
is found by multiplying the third part of the 
Baſe by the altitude, Cnbick here 1s the ſemiax1s) 
the produdt 15 the ſolidity : Theſe fragments are 
thoſe which are uſually called Solid angles, 


Example. 


Let there be a Piramis of three fides , whoſe 


Baſe is 194 equall to + of the ſuperficies of 
the Sphere, and the vertex thereof 1n the center, | 


it1splainenough that this Piramis 1s the eight 
part of the Sphere in ſolidity. 


Multiply 6 +£ (the third of the baſe) by the | 


peipipdoaler 3 x£, the product is 2235, which 
1s 


e ſolidity of the Piramis, and multiplied by 


8 giyes 179 7 cquall to the whole Sphere, 
The like for Cones in this caſe. 


hy 


| If the ſuperficies of the Baſe be not wholly | 
given, 1f any three things be given (if they be |} 


not the three angles) the three angles may yet 


thereby be tound. And then, the Rule (which I / 

had from my learned friend Mr. John Leeke) is, | 

If the exceſſe of the three angles above 180 deg; | 
F 


- 
| 


Ft A er 


4 red, from the greateſt angle c, let fall to the baſe 


of them is equall to the diameter of the Sphere, 


(117) 
be multiplied by halfe the Diameter of the 
Sphere, the ſuperficies of any Sphericall Trian- 
gle is thereby produced, | 


av” ns —decnie 


= 
* 

a® 

= 
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This may be thus demonſtrated , let the ſu- 
perficies of the oblique Triangle 46 c be requi- 


4b, a perpendicular c x, produced towards f, 
and continue the bale @ 6 till it cur z c, produced 
in », and 4 c produced in 0, then the triangle 
»f ois equall to 4cz, being equiangular , and 
having the ſides cz and » f equall, for cithgr 


or rather a Semicyrcle want the line c », 
I 3 Now 


- - —_ - - o — 3 
_ _ - _—_ 
= = i -—_ — — —_ = => —g— = 
= 
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Now if the angle at 4 be multiplyed by the 
diameter” of the ſphere, it makes the luperficies, 
a cobz,likewile if the angle f c othat 15 4 cz, 
be multiplyed by the faid diameter, they produce 
the ſuperficies f 6 0, And both theſe ſuperficies 
are equalto z b on -þ ac z+f no,that is toa 
fourth part of the ſuperficies of the iphere plus 
twice the triangle a c z, | 
* Butz bo# isproduced bythe diameter mu]- 
tiplied by the right angle » x 5,wheretore the d1- 
ameter mulcipyed by the angles 4 © 2 45-© 4215 
| greater then the ſaid diameter multiphed by a 

right angle by twice the triangle 4 c z,and there- 
fore the anglesac 2c az — az c multipy- 
ed by the diameter, produce twice the ſuperfici- 
es 4cz orby the {emidiameter, they produce it 
juſtly once, 

 Audby the fame reaſonthe angles 
bez+ibz—bzac nultiplyed by the Radius 
produce” the Superficics 'b c z., which added to 
#c 2, make the whole abc. 

But the angles p 
ACxd=can—aziſ bra picbzs —b xc. 
 Aretheſameas the angles 
#bc+beaþ+bac—180. which isthedit- 
terenceFwhereby-the threeangles given- exceed ' 
'two right atigles, So that this af multiplyed 

Radius as afore{aid;'producethy the ſuperficies- 
of the whole Triangle atfirſt giyen, namely a6 c, 


which was to be demonſtrated, 
1” F-Ba-S Wa ** ' 4 DEA 7 . . 


A 
FL 


Many 
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Matiy more ſuch things might be taken our of 
eArchimedes, as to meaſure the Superficies 
made by revolution of a Spirall line, and o- 
thers, which ſeldom occurre to any vulgar uſe: 
And for that caule, and allo becauſe the recitation 
of them would not benifit the other fort of Rea-- 
ders which know them already, I medle no 
further, but will leave this Subject after one ſhort 
Rule for meaſuring Hogſheads or Barrels, which 


1s this, 


From the area of the Circle of the greater die 


ameter, multiplied-by the length of the Veſſel, 


ſubtratt the area of the leſſer, multiplied alſo by 
the length of theVeſſell, and take the third part 
of the difference from the greater area multipli- 
ed by the length up 17'S. the reſt ts the content 
ſought for, in ſuch meaſure as was the length, 
of the Veſſel, That is Inches, if th Scale were ſo: 
of which 231 make a Wine. Gallon, and 288 3 
a Beer Gallon,or rather an Ale Gallon,according 
to ſome accounts, but not. yet reſolved fully, 


Otherwiſe thus. 
Let the ſquare of the greater diameter in 
Inches be bb. | 
The ſquare of the lefler diameter in Inches c c. 
The lengwh in Inches 4, | 
And l:t the content in Inches ſought for be 


I] 4 Th:n. 


| 


| (120) 
| 22d4bbd-1nadce 
Then it will be a 44 = ——— "Os 


43 
| Example, 

Let it be =6 
eC=3 
da—10 

Then 224bb—=79 20 
And IT4cc=, 990 
In all 8910 


Divide 8 9 16 by 4 2 the quotient 15 2125, 
which is equall to 444 the content 1n inches, 
which was required, The very fame number will 
come forth if one work by the former way , put- 
ting circumference to Diameter, as 23to 7, But 
although this ſhould be exaCtly true in one Veſ- 
ſel (whick cannot be proved becauſe of the irre- 
oulacuty of the Veſſel) it would not be fo in 
oth2rs, becaulc of thz irregularity (or diverſity) * 
of this 1regvlarity, 

In Mr. Spidals Extractions there are- man 
Propoſitions of worth, and all undemonſ(trated, 
I will therefore in this place beſtow a Demon- 
ftration on one of the hardeſt of them, which 1s 
this. | 

Let it be requircd to divide any Triangle, as 
- | EaD 
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- en g froma point without the Triangle as 9, into 
two parts, of which one part ſhall haye any, pro- 
ortion to the whole , given between two right 
ines, as herethe linesc 4 and c g. 


By the point q draw q 4 parallel to thenee- 
rer fide cz, cutting gc, produced, in 4, 


Make aq" cen” act cf), 
And a c! be''' cf. | | 

And part c f into two equall. parts. in the 
point þ, and draw the Diagonall 5/þ, And 
make he = 6b h , Laſtly, draw the line q 6. 
Then Ifay the Triangle c » g is divided by the 

line qe into two parts cmeandmng elo, that 

as £me 15 to the whole cxg, lo is cdtocy. 


D E- 


(122) 
DEMONSTRATION. 


Foraſmuch as the right line cf is divided into 
two equall parts, in the point h, and to it 1s ad- 
ded another line fe , ps-—oc-hn OY, 
cef+hfh is equall to the Square heh (b 
AURA 4 6.) = he=hb, and ve '. 
hb h =c ef + hf h. But h c =hf, therefore 
hbh—cef+hch,and bh ch4-bcb —=hbh: 
Take away hc h common to both 'Aquartions, 


Then ir is plain, that c e f=6c b, becauſe either | 


of theſe is equall to þ 6h — hch : ſothen 
ce' be” ef", Enc.6.19.Butac'be cf” 
by conſtruction , wherefore ac f==c ef, and 
ſceing by conſtructionitis aq” cn” cd'cf', 
therfore aq f c = dex, & becauſe ef” cf” ac ec” 
therefore by compoſition ce * cf” ae' ce'd, 
but ae” ce” aq” cm” , becauſethetwo laſt 
are parallels, Excl. 6,2, And therefore a q' c ms 
ce cf”, and aqfec= mce, but alſo 
aqfc=ncad, as is proved before, and there- 
forethe ReCtangles » c d=mce, and alſo the 
halyes of them are equall, namely the triangles 
»dcandmce, butthe Triangles »dcandngc 


have that proportion as have their Baſes, c dand 


cg , Wherefore mce' ng” cd" og”, and 
the'lme me is drawn from th? point q which was 

to beproved. | RE 
I know this is demonſtrated by others already, 
put I may aſwell inſert a Dcmonttration difte- 
ring 


wo—= 


pom fy 


* ws Ps A wp + 
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ring, as Mr, Spidall might write the fame Propoe 
ſition without proof, - | 
Some Corollaries might be deduced from this 
Propoſition, by conſidering the yarious analogies 
Therein, which, I leave to the invention of the 


Reader, 


Now if it were required to draw a line froma 
point given without a Circle given, through the 
Circle, ſo as to cut off an arch equall. ro anarch 
given, that may yery ealily be donein this man- 
ner, 

The Circle c 7 being gi- 
yen, and a point without / oo © 
itat 6, let it be required }. 

to draw from bto the in- \' 
ner Circumference at c, 2 
line 6 dc, ſo as tharthe 
arch thereby cut off c -, 
may be equal)l to an arch 
giyen, for example, to 120 degrees, 


From bdraw the tangent 6 r,and make 6 Fm, 8 
rad on Ca =! 
| | - #b=a 
Then it will be þ + a7 c# a”, Exclid 3.36. 
Therefore a a +b a= c, Euclide6, 17, 
Wherefore 4 may he found by the firſt Rule for 


plain 'Equzions, Chap.2. 


CAAD, 
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£2; CHAPA. 
Ti ſuperficies of an Elkpſes may be eafily 
found as neer the truth as that of a Circle, 
becauſe it bath been proved by diverſe to be a 
mean proporrionall between th2 two Circles de- 
ſcribed ſeverally upon the diameters of the Ellip- 
fis, and it 15 almolt axiomarically eyid:nt by 
meer inſpection of the figure following, 
And therefore it is as cafie to give an Ellipis 
in any proportion to another Ellipfis, as to de- 
ſeribe any Ellipfis atall, I 


CANS 


a f nooks P;; 


As for Example, Let the greateſt Diameter of 


the Semi-cllipfis ad c, be 4 © = 28, then the | 


{ſemicircle deſcribed thereon thall be a b c = on 


- andlcr the lefler diameter of the ſaid Ellipſis be 


2:40 or fg= 14. 
Lafily, let it be required to deſcribe an Elliphs 
Which iheuld be to the Ellipſis 4 d c, as 1 to 4. 
Upon the line ac froms both wayes, ſet off 
fo 


>> .._c aa > wa. 
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foandgo, each ofthemequall to do, and diyide 
d o into two equallparts in þ, then deſcribe the 
Ellipfs which ſhall pafte by the three points f;þ,o, 
I fay that the Elliphs f þ g isto the Elliphs # þ 
43 I tO 4, | 

For ſeeing the Circle abc is to the Circle 

dg indiameter double,theretore a b c = 4 fdg, 

and of what parts focyer abc is 16, of thote 
fd g ſhall be 4. | 

And ſeeing the Elliplis a d 6 is a mean betwixt 
them, the ſaid Elliphis is 8 of the ſame parts. 

Again, by the {ame reaſon the Circle fdy is 
quadruple to the Curele » þ þ, | 

Therefore of what parts ſoeyer fdgisgq, of 
thoſe » hk ſhall be 'r, 
And ſceingthe Ellipfis f b g is a mean berwixt 
them, the ſaid Elliplis 1s 2 of the ſame parts, 

But the Ellipfis given ade is 8, 

And 2 8” 21' 4”, which wastobe 
done, | 
In like ſort having duly proportioned the Dia- 
meters of Circles, may be made Elliples, in any 
proportion one to another, or in any proportion 
to a Circle given. 

'And the works may be proyed hy induQion, 
asthis alſo __ haye been, for ſeeing the circle 
ab c==616, the Curcle f 4g = 154, the Ellip- 
fis 4 d cy a mean betwixt th, muſt be = 308. 


Againg 
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Again becauſe the Circle f dg = 154... 
And the Curcle nhkh—0383 
The Ellipfis f þ g being a mean berwixt them 

mult be ==7 7. . - - | | 
But77 308 174”, &c. 


NOTE. 1 


Herein I make uſe of ow 53 which 
is terwixt 22 and 7 for the Circle to the Dia- 
meter for cafinefle in accompt , {mall and whole 
numbers: being alſo berter attended ard under- 
Rood ſooner by the Reader; and for no other 
- cauſe: th morc exact proportion being as 355 
to 113, or (which is more uſed) as 360 to 


F2I15492 
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NOTE., 2 


Hence it is manifeſt that the Content of the 

Lunula ad & & comprehended by the Circle ab c 
' and the Elliphs a dc, (being according to this 

. account halfe the Circle ab&\, that is 308, ) As 
alſo the mixed figures a4f and cd g (being 
here the reſidue ofthe Semicurcle fd g ,/ to the 
Semi-Ellipfis'a d c) may be found our as exaRtlic 
as the Superficies of a Circle, with which, until a 
further diſcovery > we muſt be content, And I 
have here noted «t,to ſhew that inveſtigation is 
not yer to' be contemned, as if thz thing ſought 
| were 


Wh wy 1, 0v 01. rp” 


(nag) "08 
were (not onely impoſhble but) uſeleſſez when 
ſo many neat Propotitions might thereby be ſtart- 
ed, as would (although nor ſo abſolutely neceſſa- 
ry for preſent uſe, yet) delight the modeſt eye 
with the noyelty; 


| NOTE, 3 


Moreovyenif the ſaid Lunula a d b c were com- 
poſed of two Circles , there might be a reiline 
figure given __ to the ſuperficies thereof; That 
is, if the ſuperficies of a Curcle 44 c ; were dou- 
ble to the ſuperficies of the Circle a 6 cythe lines 
ab, bc, being drawn, the triangle a b c; would 
| be equal to the Lunula a 4b c; as might bepro- 
| yed if it were not cafie, and well enough known 
already. — 

So that ſome figures of crooked lines, either 
differing in kind, or in quantity may be equalled 
with ReQiline figures, or numbers; And yet 
where Circles of equal quantity include any Lu- 
nul or-other figure , this cannot yet be done; 
So thinne 1s that Curtain which is drawn þe- 
eween us and our defires, 


| 4 NOTE 4. 


Whereas in the formet figure, the making of 
the Ellipſes, adc; fhg ; 1snot ſhewed; His 

_ maybe here uſcfulltoſome ; and it is as follows. 
| The 
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The greater Axis of the Elliphs being equall 
to the diameter of a Circle 4 b c, namely, to the 
right line 4 c, the other Axis to be taken at plea- 
ſure according to the occaſion; having here aſ- 


ſigned the line d o for the halfe of the leflet Ax- 


is, draw from the Circle to the diameter ac per- 


pendiculars as many as you pleate, Then hitly, 
dividing each perpendicular into two parts pro- 
portionall with & dand do, in certain points, if 
by thoſe points ( of which the more, the better ) 
a line be drawa' with an even hand, that line 
ſhall paſſe alſo by the point 4d and be the Ellipts 
required, 


Otherwiſe, and more for Mechanick, uſe. 


Having choſen the two Axcs 4c,and 2:40 and 
made them cut one another 1nto -two equal 


parts, and at right Angles in the point 0; take | 


thzhalfe of 4c, and apply it both, ways from the 
point 4, tothe Diameter 4c nx and y, then in 
the points x and y which points x, and. y are cal- 
led the burning points, fix two pinns, of Iron, or 
wood(as the greatneſs of the Plain thall require) 
And upon the Plane place a ſtring that com- 
paſſing both punns ſhall reach juſt to the point d, 


or c,( forall isone ) and there faſten the ends! 


of th: ftring together by a knot or otherwiſe, at 
which knor holding a Pencill, and carrying the 

Pencall round upon the Plane, about: the pinns 
with 


hs oa © Fw ul wu => wovzE2E  &% aa 
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noke Fo 
with the ſtring allways ftraight, the Ellipfis 
( whoſe halfe is a dc ) ſhall be thereby deſcribed, 

Moreover (although I will not meddle much 
with this kinde of Geometry) ſeeing theſe things 
are already tichly treared in Greeke and Latine, 
and not much more then named in any Engliſh 
Book that T haye ſeen, I will write a little here of 
a Conegand all the Sections thereof, comprehen= 
ded-1n one figures and after take fonie rae wa 
Definitions , and one or two wayes of deſcri« 
bing the Sections, and drawing tangents to 
them, and ſome few other Problems out of 
Claudins Midorgius, not word for word, but as 
ic ſhall ſeem conyenienr kiere, 
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CHAP. XI. 
Definition generall of a (one. 


AZ is a Solid Body made by turning a 
Triangle round about upon a Plain, one 
fide remaining alwayes in its place ,'the ſecond 
ſide deſcribing a Circle upon the plain , the third 
fide deſcribing the ſuperfictes of the Cone in the 


aire; the firſt ſide is the Axis, the Circle, the Baſe, | 


and the Vertex of the Triangle is the Vertex of 
the Cone, As ler the plane Tian le a b c repre- 
ſent half a Cene, which is made by the Motion 
of the Triangle 4 6 x, about the Axis 4 x, the ſide 
x_b deſcribing a Cirde upon the plane 6 c, of 
which © is the Diameter and doth here repre- 


ſent the baſe of the Cone, which added to the Su- 
perficies 
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perficies deſcribed by a b, moying about inthe 

aire ,' compoſeth the whole ſuperficies of the 

Corie : of which 4, is called the Vertex, or top, 

And ifthe Angle ax 6, be ( as here Jaright An- 

gle, the Cone is called an »pright, otherwiſe 

Scalenon, either of them may be cut by Sundry 

Planes, as firſt by a. Plane paſſing through the 

Vertex 4, and perpendicular to the plane of the 

Baſe'b c, and this SeRtion in upright Cones is an 

Hoſceles Triangle,in'the other Cones,a Scalenon 

Tris ngle, except it be 46 ==bc, forthen in u 

right Cones the Seton 1s an Equilateral Trians 

ele, in Scalenon Cones an Ifoſceles, 

I, Now let this Triangle 46 repreſent halfe 
the Cone as aforeſaid, and then if a plain, as 
eboaz touch the Cone all along frombto a, 
and make right angles with 6 c the diameter of 
the baſe, and again, another plain f 4 parallel 
toebo az, cutthe femi-cone # a'c, the ieion 
+r inthe ſuperficies of the Cone is halfe a Pa- 
rabota, the other halfe underneath, if the Cone 
be ſuppoſed entire, arid is not to be projeed 
in plans. 

2 Again, if the Semi-cone ba c be cut by 
ariother plain g & z, parallel to the Axis 4 x , the 
feQtion In the ſuperficies of the ſeruicone , to 

Wit Fk ſhall be halfe an Hyperbols, and the 
like for the other halfe underneath, if the Cone 

were ſuppoſed intire, and further, whatſoever 

plain cutting the Semicone as aforeſaid being 


K 3 pro- 
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produced ſhall concur witb the plaine 6 4 pro- 


duced towards z., 4 d 7 
Thirdly,If the faid Semi-cone be cut by a plain 


»ph, ncither'of the former wayes, nor parallel, 


nor ſubcontrary to the baſe, the line in the ſuper- 
ficies, namely » h'is a Semiellipſis. .. 

Subcontrary poſition is' that where two like 
triangles are joynedatan equal] (and then yer- 
icall) angle, yet have nor their baſes parallel, 

Laſtly, if it be cutby a plain /o7 q parallel co 
the _ of 'the baſe, the ſe&ion 0 7 1s a Semu- 
circle; 

Definition 1. 

Oppoſite Sebtions are two Hyperbola's in op- 

pole Pnekictes cut.by the fame plain, 


Defs y on 3, 
The Vertex ofa Se&tion 1$a point in the great- 


eſt curvature thereof , but more generally the 
point where any diameter cuts the Scion , and 
where the Axis cuts is called the higheſt Vertex. 


Definition 3 


x 


Any two lines _applycd within the SeCtion, and | 


equidiſtant, are called Ordinately applied, in re- »» 


ſpect of ſome diameter which divides them into 
two cquall parts, uf. 


, De- 


: 


Axis, But th: Parabola 
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Definition 4. 

Any line drawn ſo as it cuts the ſetion , and 
divides the Ordinates into two equall parts, is 
called the D-ameter of the Section, and if it di» 
vide themas aforeſaid, -and at right angles, it is 
the Ax#, and ſo much of the Axis or diameter 
as lies berwixt the Vertex and any ordinate 1s 
called (in reſpe& of that ordinate) the intercepted 
Axt, or intercepted Diameter, and thoſe two 
diametets which mumally divide lines applied in 
the Section and parallel to th: Diameters, into 
two equall parts are called Conjugate diameters, 


, of which, as likewiſe. of the oppfite Sections, I 


intend to ſay no more in this Tract, 


Definition 5, 
The tranſverſe Diameter of an Hyperbola, 
15a right lincin the intercepted diameter cont1- 


' nued without the Setion , and 1s ,cquall to the 


double of that line intercepted betwixt the Vertex 
and the center, and conneRts the Vertices of op- 


pofite SeQtions: In an Ellipfis ; or Cucle, it 1s 


any whole DInny : in th: Hyperbola and El- 


lipſis, if it be the contiguation of the Axis, or the 

Axis (in the later) it 13=called the tranſverſe 

| whoſe D:iameters are 

all equidiſtant, hath no tranſyerſe Diameter, nor 
any center, 4 . 

Definition /6, | 

The Center is a point where all the Diameters 

meet, K 2 De- 
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Definition. 7. 
The Figures of Hyperbola's, and Ellipſes, 


and Circles are paralleligrams included berween 


the tranſyerſe Diameter, and the contiguous Pa- 


TYAaunetcr, of whicb thoſe are called tranſyerſe lides, | 


and thele Coefficients by ſome, 


Definition  $, 

The ſaid Parameter 1s a right line drawnto 
touch the Section at the end of the intercepted 
Diameter, to which all the Ordinates are paral- 
lel, and according to which they are compared, 
and valued, which 1s therefore called juxta quan 

ofſent: and if it be contiguous to the Axis, it 
15 called the right Parameter. 


Definition 9g. 


The ambilicins, focus, or burnin point inthe 


Parabohk, is a point in the Axis diſtant from the 
Vertex by a fourth part of the rioht Parameter, 


} But in the other two SeRions, the burning 
points are aſſigned in the Axis of either SeRtion, 
diſtant from either end of the tranſyerſe axis by 
the goon ofa rightline that is the ſquare root of 
the fourth part of the figure produced by the ſaid 
tranſyerſe axis, and the right Parameter , which 
applied to thetranſverſe axis is in the Hyperbola 
excedent 1n the Elliplis deficient, | 
_ Ly The 


CIPO mc EY 


2 1 


O_o I OG 


(135) 

The ſame points in any Ellipſis whoſe diame- 
ters or diameterare given, may eafily be found 
by th: mechaniqne way of deſcribing an Ellipfisr 
alittle before ſhewed, Wherein allo it is plain 
that theſe points are as it were Centers proper to 
the generation of the Section, | 


— 


CHAP, XII. 
Of the deſcription of the Seltions, 


M7” areth2 methods Generall and Spec1- 
all, which Afdorgins ſhews to deicribe 
theſe three SeRtions, I will only mention one 
or two, 


I, To deſcribe a Parabola about any Diameter 


given with one of the ordinate lines. 


Let the Diameter giyenbe 44, andlet b c be 
one of the ordinate lines applied unto: it , by 
which the anglz 4 & c being given, joyn\& and c 
by the right line 4 c, let 46 be- divided 
into -as many parts as you pleaſe, and through 
every ſuch diyifion draw right lines parallel to 
bc, and produce them, anid make dh=y/ bc 
in dg, likewiſe e/= bc in'eh, and 
fm=y/ beinfi, anda of all the reſt, and 
the points c, k, 1, #9, 4, &c. ſhall -be all in the 
fame Seftion, 1o that a line drawn with an even 
hand by all the ſaid points , ſhall be by the frſt 

| K 4 Prop. 
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required, 
Tn ee 4 
>| ob 
bh | 
| <7 


þ 


And 6c onthe one fide, is equall'to bc on 


the other: ſide, beeauſe 'by ſuppoſition , that, and 
allcheparallels to it:h 4, le, mf, &'o, ate thoſe 
lin2swhich are called Ordinates, or Ordinately 
applyed, and fo a 6-in reſpe& of be, alſo a8 in 


reſpe&t of le, Fc, are the intercepted . Diame- - 


ects, or if the angleab ewerc a rightangle, the 


_ intercepted Axes, Def.q. 


And if you make ad ' dk ag'*, anddraw 

4 q parallel to dk, then 2 g {ball be the: contigu- 
ous Parameter in refpe& of the intercepted dia- 
meter # d, and fo may 'the Parameter by ab:, or 
| any 


Prop, of the ſecond of Adidorgins, the Parabola | | 


"— at . 
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any other diameter given , be found , and there- 


- fore the Parameter aq only being given, the Pa» 


rabola by points may cafily be detcribed, 


2, eAbout any Diameter, and one Qrdinate 
line , to deſcribe an Hyperbola known 
in kinde , in a plain by points, 


Let 46 beadiameter of the Hyperbola, and 
b can Ordinate to it, comprehending the angle” 
given, 4b c, and let the Section be of ſuch a 
kinde, as that the tranſverſe diameter to the 
contiguous parameter may be as 7 tos. 


; ' #0 deſcribe by points in a plain; an Ellipſis 


Ellipfis required, and ed one of the Ordinates 
as aforeſaid; &c. 
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Make «b' be” bd”, Ands'r? bdt be” | 
and joyn the points 4 and e, and in the line a6 | ,« 
take points how many ſocver,and by them points | « 
fo g, t» Fc. draw lines parallel to bc, as fh, \ | 
£*5t,&c. the more;the better, and making | x 
theeriangle de d compleat , produce theſe wn, c 


lels both wayes to the fades de, inthe points 
þ, =, i, &c, Laſtly, making fk, gd,tl, &c. 


quare roots of the reftangles af h, a og n, | 


ts, &c. the points k, 0, and /, ſhall be in | 
the Hyperbola required : per 5. of 2. Midorg. | 
And therefore a line drawn with an even hand | 
to paſſe by the ſaid points, ſhall be the Hyperbola 
required, | 

And the rranſ{yerſe Diameter thereof is the line }, 
ae. Whereforc, by th: Propoſition, if you make 
it rf 5” ae” ax”, then ax ſhall be the con- 
tiguOus parameter tothe intercepted diameter ba, 
ſuppoling ir drawn paralle] to } c,Fh, £93 Te. | 
Def. 8. 

Fr the lines fk, go, t I, are all of thoſe 
which are called Ordinates to 6 a, Def. 3. 


3. eAbout a diameter given, and an Ordinate, 


kzwown in kinde, | 
Let 4b be any tranſyerſe diameter of the| 


drawn at any angle given, as 4c &, todeſcribe 


Make 


=», #-+ wa, 63. $7 m2 
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'" | - Makethe reQtangle b ce equall to the ſquare 
b | .of cd,andby aande draw the line #e, and pro- 

ts | duceittof, that is, ſo faras till it meets with 6 f, 

b, \ being made parallelto c 4 and in ab take other 

8 points g þ, through which draw lines parallel to 
- | cd, Laſtly, tocveryReQangle þ gi, b hl, Kc. 


5s | make ſquares equall, as the ſquare of gh equall 
| , tothe firlt, and of þ ws to the latter ReRangle, 
he 4 and ſo as many as you pleaſe; the points: ms, k., d, 

| ſball be (by the 3. 0 he ſecond of Aides gine 
be | in the ſame Elliphs of which 46 isthe tranſyerſc 
| diameter, and 6 f the contiguous parameter, 
” S566: Wa whercfore 
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wherefore a line drawn with an even hand by 
-thoſe/points mv, k, e, ſhall be the Elliphs requi» 
red, | | | 


COROLLARY. » 


Hence it is evident, that having the tranſyerſe ' 
diameter of an Hyperbola, oran Elliplis, the pa- 
rameter contiguous is cafily found by applying | 
any Ordinate to the Diameter, as k, g, and| 
drawing a parallel to it from b, for making | 
beo*' kg” ig” a line drawn from ato#s| 
ſhall meer bf 1nthe point f, fo as it ſhall there- 

determine the parameter 6 f in the Ellipfis, | 
and the work (though not the letters) 1s the ſame | 
in the other, | q,; 


RULES. 


In a Section given, the Diameter is found by | 
applying two ordinate or equidiſtant lines diyi- 
d:d both into halves, through which diyifions 
the Diameter mult patſe, Def. 4. | 

Secondly , drawing two other equidiſtants 
different 1n fituation from the former, and divi- 

_ ding"them as aforeſaid, you haye another dia- 

-. meter," 0 NV: _ 

.-{>Thirdly, produce both, and where they con-1 

cars the center of 'the Section. Def, 6, - 
Fourthly 5 Prodyce them {till (in the Hyper- 

bola) tillthe pace 'berwixt th: Vertex and the 

Center be doupleq, that doublcd ſpace is the 


tran- 
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tranſyerſe diameter: the Vertex 1s here meant 
at large, for that point of the Section through 

- which the diameter paſſeth. Def. 5. 

\ - Fifthly, Having the center, anarch ofa circle, 

— | any where withinthe Section, biſected, gives a 

orſe point by which from the center muſt paſſe the 

PT! Axis, Mider.1.54. 

10S! TIhaveſhewedalready howthe burning points 

and | may be tound in an Ellipfis. Def.g. 

108! Sixtly, In the Hyperbola let the tranſverſe 
' axisbe6, the right parameter & produced till 
it make x <quall to a mean betwixt them, biſe& 
{ this mcan in 4, an archdrawn from 4 tothe axis 
ME | (the center being the center of the Seftion) ſhall 
.» there givethe point defired, Aidorgins 1.58. 
| Theburningpoint ef the Parabola is obvious 

out of the 9. Def. 


IVi- | To finde the Axis of 4 Parabola, 


| Seventhly, Becauſe it hath no center, but all 
nts | the Diameters are parallels, finde any one dia- 
vi- | meter by help of rwo ordinatcs, as aforeſaid, and 
lia- | toit within the Scion draw a perpendicular, 
an - produced I zut to the Se- 
ion, diyide into two equall parts, and thr 
the ne of that diviſion, draw a line beſo 
ej- | thediameter found before , that el linc is 
the | - the axis _ The thing 1s {o cafic iyneeds 
he | no Example, 6 of 105944 | 
TER CHHP, 
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CHAP.” XIII. 


=_P 


| 


To draw 4 tangent to any point aſſigned in 4s 7 
Seftion, or frons any point without the Seftion, 


Ot to trouble this little book with two ma- 

ny Figures, let the firſt Figure viz, of the | 
Parabola be here reſumed, which may ſerve by | 
ſuppoſing the Diameter 4 6 to be the Axis, | 


| 


to touch the Parabola in the point mw, and | 


produce the Axis þ 4,to z, making a x ==«f 
and from to mw, draw the pricked line x mn; -_ 
| f 


” 


from »s draw m f perpendicular to the Axis: | 


Firſt ler it be required ro dtaw a line 1 
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faid line z 2, 1s by 55 of the firſt of Midorginn 
the Tangent required. 

If the point #» , had been coincident with 
the point 4, a perpendicular to b 4, in 4 kad been 
the Tangent, per, 17 of the firit Ejuſdems. 

Now let there be a point given without the 
Seton, ( not in the Ax1s) at x, from which let 
it be required to draw a line to touch the SeQtion, 

From x draw x p parallel to 46 cutting the 
Setion in ſome point, as here at »x, 

And draw the Tangent z ms, as aforeſaid and 
make m p= mx, 

And from p, draw a line parallel to x »», cut- 
ting the Section in r,and draw x r,then xr ſhall 
\ a Tangent required by the faid 55 of the 

Secondly, let it be required to draw a Tangent 
to any point in the Hyperbola 4 as, which 
be repeated here alſo, wherein let the Diameter 
of the Section 4 bbe ſuppoſed to be drawn, and 
the line go any ordinate, and the point oto be 
touched by a right line to be drawn as follows, 

Having found the Center y, as is ſhewed in 
the former Rules, make y g * y 4 yr © ,laftly 
fromy to 0 draw the line r0q for the Tangent 


# , required per ditto 53.1. 


And fo by conyerſion of the work,if the point 
7 were giyen without the SeRion in ſome Dia- 
meter or Axis, there might from thence be drawn 
x right line to touch the Scion 1n ſome place, 
| z8herc irdoth at 0. NOTES, 


- — 
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NOTE. 


If the point to be touched were in theSeRion, 
and in the vertex 4, then by finding another 
diameter, another Vertex comes in place, and 4 
in reſpect of this other Diameter will be a point 
in the Section, and a tangent to it as cafily drawn 
astoo: As may be (een in Fig. 2, \.' | 

Thardly let - Elliphis 4 k 6, be here repreſent- 
edg ahd let ic be required from any point given 
in, or without the Sectionsto draw a Tangent, 

Firlt in th? Seton at 99, And from m to the 
other liumd of the Section, draw here allo any 
line as 9 #»,and divid: it into two equal parts in 
the point þ, and finding the center g,draw by g, 
and h, the Diameter 4 b and produce it, making 


ghiga”? gx": hſtly, from x draw xm 


for th2 tangent required; 


Secondly , It the point x had been given | 


without th: Section, and required from thence 
to draw a Tangent tothe SeQtion in the point r; 
or where it falls, by converſion of the work, 
Make'g x7 ga go” to have you the point 
o, from which a is 5" to bf gives the point x, 
whe aline drawn from x ſhall touch the Se- 
Ction, | 

The working of theſe things in an Elliphis is 
the {ame as in the Hyperbola, only ſeem unlike 


to them that conſfider not fully , becauſe the 


center 


—— 


_—— . * 2 Ire. 
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center and tranſverſe diameter of the Ellipfis lies 


within , and of the Hyperbola without the Se- 
Aon, 
; 


” 


| Andif h, or afty point within a SeCtion be 
given, and requiredthrough it to draw an-Ordi- 
nate, that may be eaſily done, becauſe ir mult be 
parallel to a tangent at the Vertex 4. | 


Aw) Seftion given,to find that diameter thereof, 
whic h ſhall make an angle with the Ordinate 
to it, equall to an angle given. 

Tffirſt the SeRion given be a P ayabola, finde an 

diameter, and from o end or vertex thereof, 


draw - 
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draw a tight line tothe Setion, making an an- 
ole with the aid diameter equall to the angle 
given, to which if a parallel through the middle 
of the other right line be drawn , that parallel 1 
the diameter required, 


Let there be .given therefore the Hyperbola 


b ac, and the angle z, to finde the diameter 
eg, which with the Ordinate a f ſhajl make 
the angle eg a=z, Finde the tranfverſe axis 
ad, andthe center e, and upon 4 ddeſcribe (by 
the 33. of the 3. of Euclide) a portion of a 
Circle df a.capable oftan angle equallto z, then 


draw d fand af, aud through the middle of af 


d:aw eg the diameter required, 


The work is altogether the ſame in an Ellipſis, 


only-the lefler axis 15to be uſed, Adrdor. 3.67. 
4 
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eAny __— being given, to finde the 
'[ymptoti, 

Finde any diameter of the SeRtion, as # 
and the center e, and the tranſyerſe diameter 
4 24, and by the Vertex 4 draw the parameter a 
contiguous to the diameter 4 cy that is, touching 
the Section 1n the Vertex 4a, and untothe re&- 


' angleorparallelogram mz ag, make the Square or 


ef 
is | 
y 
2 
n 
f + 
| 
S, 


Y 


**42 
= 
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Khombus of ah equall, and divide 4b into two 
equal] parts in th: point », then the right line 
exdrawn and produced ſhall be one of the A- 
ſymtotes, then producing h 4 untill 4 & be equall 
to 4»,th= line eo ſhall be the other A/ymtore, 
as appears by Prop. 57. Lib. 1. of CMidorgins, 
Which he demonſtrotes out of Propoſitions of 
his own Baok thus, 

L 3 Be 


therewith, 


| (148) 
Beeauſe # þ, toucheth the Setion, it is equi- 


, diſtant to the Ordinates, per Coroll, 2, 4d 17 pri- 


23, But to the ReRangle or Parallclogram »s a g, 
that is to the figure comprehended/ of the two 
fides m2 4, and 4g, is made equal the Square or 


Rhombus of « h, and a », is halt of 4b, therefore. | 


the ſquare or Rhombus of 4 #, is equal to a fourth 
part of the Square or Rhombus of 4 h, that is to, 
the' quadrant of the figure w 4 . , and therefore 
by the 38. of the firſt and Coroll, to it, by con- 
verſion 1t may be ſhewed that the right line e », 
drawn from the Center and produced how far 
ſoever ſhall never meet with the Section 6b ac 
and by thz ſame- reaſon, and becauſe 4 » = 40, 


eo drawn from the Center (hall doe the hke , 


&c, 

From hence it appears, that the Aſymptotes 
are lines drawn from the center of the Section ; 
end produced, ſo as that inclining toward the 
ſeQion (till more, ſhall neyer be coincident 


More for the Par abola, Numerically, 


:Letthe baſe be given in Numbers 20, that 15, 
of what lenghr toever, let it be partcd mto 20. 
cqual parts, 

And atany inclination to it, let there alſo be 
iven a diameter ; which divide into 100 parts. 

And through all the other 9 divi3ons of the 


Sermn1- 


. 
[ * 
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Semi-baſe, draw lincs cquidiſtant to the Diameter 
ſhortening them in this proportion, viz, 

Of ſuch parts as the Diameter is 100 letthe 
next be 99, the next g6, the next 91 , the tourth 
| $4, the fift 75, the ſixr64, the ſeventh 51 the 


by 


- | eighth 36, the ninth 19. A line drawn with an 
| even hand by the ends of theſe lines ſhall be a 
\ | Semiparabola, 

| Thefaid Numbers are made thus, 10 1 10, 11 
" | ing. 12 ans, 13in7, 14116, 15 ing, 1610 
>} 4.171n3.181n2,and 19, in 1, Prop. 62. lib.2. 

y And they difter juſt as the ſquare Numbers 1m- 

F | mediately tucceeding to Unity, viz, 1,4,916524, 
> | 36,49,64,$1,100, &c, by he quantity of the odd 

» } numbers intercepted as 1, 2, 5,7, 9, 11,13» Is, 
17, &c, 

s}| Whichis the ſame proportion by which the 
3 } dzgrees of Velocity of the falling of any thing to- 
© | ward the center of the earth are increaſcd, .as Ga” 
Kt } leo hath ſufficiently proved in his Dialogues, 

And therefore the courſe of eyery Projettile or » 
thing (hot from Gun or Bow may cafily be proyed 
to be a Parabolical line. 

And the making a ReQiJone figure equal to a 
Parabela might be facilitated from hence if ic 
0. , mx not necdleſſe, the thing being already often 

one, | 
ve | Moreover it is tobe noted, thatthe equidiſtant 
« | Jinesthus drawty, may repreſ:ut (quares, becaufe 
they difter as the Square num2ers doe, 
L 3 For 
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Por an Hyperbola , Numerically. 


The burning points and tranſyerſe axis being 
eiven, the Vertex 1s alſo given. Let the trani- 
yerſe axis be 80, the dittance of cach burning 
point 20 of the ſame parts, the ſaid points-4 
and 6, the center & ſpace 23, and the other cen- 
ter 6, and {pace 103, deſcribe arches, which 
thall cut where the Se&tion 1s to paſle, ang 10 
deſcribing from the center 4 other arches, 34, 
57, 100, and from the center 6, with diſtances 
.T14, 137 180, other arches, 1o as the dilt- 


ances from & may excecd 100', as much as- the | * 


diſtances from @ exceed 20, 

Thoſe arches of Circles ſhall interſe&, and 
thereby give. points by which the Hyperbola 1s 
ro paſle, by the 25. of the 2, cf Midorging, 


- For au Ellipſis , Numerically, 
The burning points and Vertices being GIVE 


(as they were before) the Ellipfis alſo may be 
deicribed by numbers as followeth , letthe one 


burning, paint be at 4, the other at b,' and Jer | 


the diameter be z, th: diſtance berwixt a and b 
ler that be » equa}} to 100, and let it be 
& —x 

- 2 ” 16” 180”, Therewre allo 


& = 133 


4 a WW 1 WUQ 


O. 
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a 
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& = 232, Wherefore making the center 6 at ſe- 
yerall ſpaces (more then 16, and lefle then 116, 
of ſuch partsas & iS 132) as 110, 97; 81, &c, 
deſcribe arches. Again, making the center 4 
with diſtances 22, 35, 51, and others, ftall the 
correſpondent complements of the former d1- 
Rances to 1 32, draw other arches, which thall 
cut the former in points whereby the EViphis de- 


fired mult paſſe, bythe ſaid 26 of the tecond. 


And it -is plain from che generation of an Ek 
lipfis, ſhewed in the inſtrumentall way befpre 1n 
this Book: for the ſtring which deſcribes 18 
alwaycs <quall to 2--þ x, tharis, 232, and fd is 


* 100+ 110-++22 and 100 36 &c; 
þ TA 0s: | +97 TI 


And thus they thas likethis Jatt way deter, 
may accompliſh the Sechion by mamber.' - 


Moreover , put the diarteter of a Parabola 


667 | 
b= —— of an ch foro, 
64 | 


Andlet the whole baſe (inclined to the: Dia- 
000: 
. 64 
Laſtly, Let the perpendicular froth the Ver- 


6 
tex to the bake be d= —— 


L 4 ; Mul- 


(1 52) , 
150 
- Mukiply — by —< the Produd is =—* 
64 . 6 - 4096 
Of which two thirds is equal! to the ſuperficies 
_ 
flo Punticle, nad is in — 


4999 | 
Of theſe parts the middle Parallel which was 
before 75 (when the diameter was tuppoled 100) 


8” _ | 64EO 
15 --which doubled is — that is —- as be- 
64 64 4<96 


fore. Je 
$0 that, in this caſe the refidue of the Rectangle 


er Parallelogram , when the ſuperficial content * 


of the Parabola is taken from it, and the length 
of the middle parallel, are both d:nominated 
by the ſame number, but this is left to the Reader 
to try by a Figure delineated by himiclte, 

But what uſe might be made of this (1f it were 
further urged)cither in naturall or artificiall num- 
bers, I leave at this time alſo to the Rezd:rs 11+ 
quiry and [tudy, 

Here it may be noted, that a line Feing drawn 
to touch a Section in any point, if from that line 
in that point be raiſed a perpendicular , that per- 
pendicular 1s faid to cut the SeEtzon 11 the ſaid 
point at right angles, | 

For Example, let the right line a6 torch the 
Ellipfis q p r 1n the point Þ> and let po be mege 
perpendicular to a þ in g, T ſay po 5s vh:!ly jaid 


[9 


= 
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to-.cutthe Sectiong p r, at right angles, For, if 
any line drawg from the diameter f r to the Se- 
&ion, may divide it at right angles, Jct o pbe tup- 
poſed to do fo, and abatangent in p, as before. 


_ 


| - 


: 


OT LL CS Eo [35s 
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| < 


Now if the angle 4 pobea rightangle, all is 
; proved, if not, draw ? line q by the point p, 
to Cut po at right angles, It is maniteſt that q 
thall cut the Seion in p, becauſe it cuts the tan- 
oent there, - 

Wherefore the ſame right line po cuts two lines 
qpry,andgqp s at right angles in the point p, 
namely, where thoſe two lincs cut one the other, 
which is ablud, 

And into like abſurditics will that opinion 
lead one which affirms that any crooked line can 
| make any angle with any line whatfocvcr which 
+ toucheth that crooked line. 

For although Clavine againſt Peletarims 
and others may lay. that the argle of Con- 
zalf (as they call it) made terween a Cucle 
id i Tengent is Ifſe th:in any <cure 

argþ? 


| 
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angle made of right lines, yer ſecing it 1s not di- 
_—_— parts 4liquotas or aliqgantas , which 
can have any other meaſure th:nthe, whole, that 
is, that cach of them is lefſe then any acute angle 
made of right lines, for ths cauſe, and becauſe it 
ſcems improper language to give the name of an 
angle to any ſpace lying betwixt two lines, which 
although infinitely produced would neyer meet, 
I refuſe tocall it ſo, 

Which ſpace being rejected as nothing, or at 
moſt non-angular , then the angle apo teing a 
right angle; the angle 9 p15 wy ta it, and 1s a 
right angle in any Circle, or'SeQtion of a Cone, 

r any ether crooked line , how much fſoeyer 
Bras 


\ Por herein it is the ſame with them, as with a 


Cijcle, namely, that inthe point of auy conta- 
Cion,:he angles on both fides immediately begun 
 arecquall. 


0 
>. A 


CHAP. XIV. 


Shall here addca little, to ſhew the reſolution 

of ſuch Problemes, which ſceming to require 
rwo'unknown points at once, are without hel 

of a Comque Section (in lines) inexplicable, 

And other Problemes may happen. higher then 

theſe mfinitely requiring four mean proportio- 

als, or fiye or ſis, Qrto divide an ch into \ 
a | five 


Ns ——— 
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five, ſeven or eleven parts, and appearing in &- 
Quations of five, ſeven, or cleyen dimenſions, as 
need requires, 


' I will begin with the moſt fimple of theſes» 
Namely : 


Prod], r. 
Betwixt any two right lines given, 4s r ard 9 


to finde two mean proportionals, 


Put 4 for the leſſer mean required. 
Andr<'s Then rr' a4” a 5 ,£16.6,20, 
And 444a==rrsExcl.6.,16. 


Deſcribe the Semt-parabola 4 4 ”, ſo as y 
may be equallt0 the right parameter of It, which 
. may 


/ 
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may be done by Chap.12. hereof and in the axis 
a hrmake ac =+r, and from c raiſe the perpen- 
dicular c e=2 s, And making the center e, and 
Radius e 4 deſcribe the cucle f ad x, cutting the 
{:Rion in d, and from &d let fall a perpendicular 
rotheaxis 4 hin 6b, then the lines b 4, b « are the 
two means required, For make y=1, and 
b d = &ythen becauſe ofthe Parabola b a== a a, 
for the ordinate 46 is a mean betwixt the para- 
meter which 1s unity, and the intercepted dia- 
meter, 4 b, (bap. 12, And it reſts only to be 
proyed thats, or twice Fe is equall to 4 4, for 
ud PTE Sa A 4a HY, that is r Us a mi 4 of #1 yo 


Draw dg, parallelto 6 @, Likewiſe draw de, - 


. Then ge==34s— a, for ge=dbm a, and 
e6==355, likewiſe d 9 (that 8 b c)is a a — 3. 
the 


(157) 

the ſquares of which two, are, $5 5 — 5 a-þ4a 2 
and 4444 — 44-5. Which together are 
aaaa—sa+;i4+-5.cqual tothe ſquare of 
de: Excl, 1. 47. butde=—=4egzand the ſquare of 
4aeis;5s5 +5. And. therefore allo it is 4a44 
— a+ ip i=; 5 Fo | 

That is ſubtraRting from each 355+ 5 the re- 
due iS44 44 —5SA=0,01a444=5athat 
iS 4 44 =5, Which was to be proyed, : 


This and all other ſolid 2quations not tranſ- 


| cending the' biquadratique order, are explicable + 
- (as Des (artes faith) by a ſmall portion of any 


of the three SeRions, Yet ſeeing he holds the 
Parabola the moft convenient I make uſe of that * 
alſo, and of his Examples in this former and the 
next ſucceeding Probleme > aſwell becauſe 
a Parabola is much eaGer fitted to the worke re- 
quired, as alſo for that the demonſtration thereby 
1s not {o ahxious as by the other, 


Prov, 2 


Now ſecondlylet it be required, to divide any 
reftiline angle given into three equall parts, as 


the anglebag. 


-Suppoſe it already done by the lines 4 ef, and 
draw the chord 6g, ardalſo ecparallel rof 4, 


laſtly draw & 8, 
N ow 
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Now becauſe of the fimilitude ofthe Triangles 
þ ae, bde, andced, (for the angles ar® 
adg =acb—=bde= ecd) tit ab! be” 
SS de'7". 


Pur bg—=6b and be=4#, Andlct the Radius 


b a be Unity. | 
Then de= aaanddc =444, 


And becauſe -b g + de==3be. 


Therefore b + 44a=7 4, or 34a —a4aa==b | 


Which &quation P:ri{cas hath alſo in making 
of the Sines, 

Now ſuppoſe the Parabola a k f drawn ſo as 
a qthe right parameter may be equall ro 6 4, that 
is Unity, and the part of the ax's 4c may be e- 
quall to 4, and 4e= 2, then from eraiſe e 
perpendicular to the axis, and equall tro34, and 
_ the center #2, and the {pace ms a,dc{cribe the 

ircle a k f t p, which ſhallcut the Parabo- 
{a on that fide remote from »», intwo points kf, 
from which perpendiculars in g and d, ſhall be 
true roots of this quation, of which k g is the 
ſubtenſe of the third part of the arch required, 
and 15equalito be, that 1s to 4, and f d 1s the 
fubtenſe of the third-part of the complement 
th:rcot to a curcls, ana if on the fame fide where 
72 15, as from the inter{2Rion at p be ler fall p / 
perpendicular alſo to the Axis, then p /, is a falle 


root of this £quation,.and cquall in Magnitude 


ut 


to both thz true ones, that 15 p/==fd-þkg. 


OR m1 = 
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But if in ſtead of — aaa rs "6c 
in this Example it was, the zquation had beene 


| —444-34= — b, then the truce roots had 


fallen on the fide where the center ws was , and 
Ws falſe root on that part remote from the faid 
nter, 


. NOTE, 


/ This Aquation — 444 +3 a—b=0 is 
naturally without the ſecond terme 4 4, which 
is the cauſe that it hath the falſe Root not diſcern- 

| ce 
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ed by twice or twice — ſuccceding , as hath 
been ſpoken of Chap. 4. If therefore one would 
have it ſo, he muſt fill up the ſecond term, by aug- 
menting the root neyer fo littl:, putting e — x 


c== Ho 


The Demonſtration of this Problem is as' fol- 


loweth. 


It is to be proved thatk, g, in the SeCtion is c- 


qual to 6 e the ſubrenſc of the third part of 'the an- 
ole oven, 


Put k g==), 


- From the center w, draw 9 k_ and mw 4, which 
are equal becauſe of the circle. 

And draw k,», parallel to 4 e, and produce me 
to it in. 

Thentisk#=ge=2—ypy y, 

The ſquare therfore of k »,is 4 — 4 ; 

And #» », being cquall to y hs oy the ſub- 
tenſe 6 g, call 6 goy th: fingle letter, b, as betore, 
then » » == y +36, the ſquare of which beitio 
1y+6y +566, add to it the former ſquare of 
k n,thatis 4 — 47) +7 7 17 git makes 
+4 — 4 T1007 JJ » pb +366; 
equall rs the (quare of the Hypothenuſal #s &, 

Againe the {quate of & e, is 4, and the ſquare of 


Then becauſe of the Seion, «pg == f 7. | 


28e,1s'x 6 b, wich two ſquares are <quall alſo to | 


th: 


| 
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the ſquare of &,, becauſe 5k = m2 4. Thertore 


4—4)1) +11 11+ 1) +F& +40 = 
=4++66, That 135 


 —=3J1 P7117) F#5=0. 
That is, (by adding on each part 3 7, and: ſub- 


tratting 7 777) +3) 1— 117%) 
Or laſtly (dividing all by y) + 3 y —y y y=6. 

But this zquation 15 alike graduated ard like 
affected as the firſt xquation + 3 4 —# 4a ==b, 

| Wherefore jy == 4. 
But 4= be and y = kg. 
And therefore kg=be. Which Was to be 
proved. | 

In like ſort it might be proved that. f d 15 a 
true root of the zquation- 34 — 444 =b 
(mn the firſt figure) andthe ſubrenſe of the third 
part of the complement of the angle given ba g 
to a Circle, 

And by ſuch working one may finde it evident 
that when a Citcle cuts a Parabola in points,how 
—_y ſoever (the Vertex excepted) perpendicu- 
lars let fall from all thoſe points to the axis, are 
all the ſeveral roots of one and the fame zqua- 
tion, Nor hath that zquatton any more roots 
then thoſe perpendiculars to the axis, 


M NOTE 
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| _ NOTE. np, | 

In the zquation -- a4 4 — b cab ba, the 
conſtruQtion difters {omwhat from the former, for 
b being reputed unity, if c as here be figned with 
— the axis of the Parabola muſt be produced 
fromthe point c in the axis within the Seftion 
diſtant from 4 by & beyond the verrex, till the | 
continuation be'equal to & c,and at the'end there- 
of raifea perpendicular <qual ro 4 d, at the end of 
that is the center of the circle defircd. 'And ac- 
cording to this method may any zquation, not 
aboye biquadratical be reſolved. after by taking 
away the ſecond term (if there be any) by the ſe- 
cond Rule of Chapter the fourth it 1s reduced to 
ſuch a form as this, #44* bea=bbd, if the 
quantity unknown hath but three dimenſibs : or if 
it have four then thus 4444*bcaa*t bbda= 
=bb6bf. Or elſe taking &, for Unity, 
then thus 44 4 * c aa= dndthus 4444" can; 
* da==f the fignes 4 and — are here omit- 
ted : forthey muſt be ſupplicd as the nature of the 
Aquation requureth., b 

= | NOTE, 2. "> 

< Note that in this breyiate the line b, 1s that 
which was 6 @ in the example of trifection, and L 
that which was r or unity in the example of. two | 
Meanes : Alfothe line c is that which1n the fos- , 
mzr example of triſe&ion was 2ce,or 3. Andif | . 
this quantity be nothing, then the perpendicular] +, 


equal 


— 
4 p__ 


OO ww. a 


&qual to half 4, is'to be ercReJ at the end of half 
- b,or 5 (ct off from'the vertex upon the Axis with- 
m'but if c Have any length, then at the diſtance 
of } c from that end, upon the axis, And this 


hat | Which hath been faid is enough for all Cubiques. 
nd , BOS. - Prob. 3. | 
"| But where the equation $8 4444 —c4 4 
wy + 4d a= f ſo placed as herey if there bE+- f 
"= arid the Probleme be to find the value of the 


| ror, thenproducing.w towards 4; , 
z 


Male 
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Make 4s equall to the right parameter of the 
SeRion, and make' 4 x =f, and upon the dia- 
meter x s deſcribe the Circle x h s cut by a per- 
pendicular to 9 4, namely 4 h in h, then mak1 


cle defired,. 

But if it be —f, as in this Example I put it, 
then after #þ is found as before: upon the diame- 
. ter a mdeſcribe a circle, and in it from 4 apply a 
line 4#== 4b, and making the center m and 
the ſpace ms # deſcribe the circle f 3 k,, which is 
the circle ſought (for, 


Now this Circle f. 5 k may cut or touch the 
Parabola in 1, 2, 3, or 4, points, from all 
which perpendiculars let fallto the axis give all 
the roots of the Aquation as well the true as 
falſe ones. Namely, if the quantity @ be marked 
— then thoſe Perpendiculars which are on that. 
ſide the Parabola where the center »» is, are the 
trueRoots, but if it -be + &; as here, the true 


rootsare+thoſe of the other (i »a5'g &and no, | 


and-thoſc of the ;center fide as f z,ip,q, arc the 


" "DEMONSTRATION. 


| - © -Putre=— anddnw:m operpendicoker 
My. 3; + gw ' ' wt —_—_ s 45 hb 6 
x 


s | 


the center and the ſpace #» h, deſcribe the Cir- 


—_ 


| % ” £5 Ong « T1*1IG971 3 1 BUS T 
to ag,and gilequall-andparalle} to ic: Qafly, FE 
95 © 8-34 .* ut} © 
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Put gk=4, then ag = 44;, and taking 

from it, 4egthat is; 57+ , then ge=4a4— 
— 2© — 7 Whoſe ſquare 18 4ARA— CAR 


—=44+$c oft 36 Þ3s 


I Andbonfeby ratkatieg LT FRRg 
fore k//=4 +44, md'the iquare- of it is 

\ Sobre pdaebin added to the former 
par paripy +5 ;4 441 Wo ;, 
#*—caaþ-3c odds Lone 5, 
- Again, the ſquare of ae wyeeofo Eoml=x. Y 


£0 
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To which adding the ſquare of »» e, that is 3 4d 
the wholz 1s the ſpuare of #24, towitzc cp; 
ai 4te+5. 
| =. iy of ah, that is a, 15 equal to f 
becauſe 5 4= 1 and x a==f between which 
4h, or 44, 1s a mcan, 5 
Therefore the iquire of ms 5 1s 
3<c+ dd job 4—=f 
: But. mi=—=mbk. 
Therefore their ſquares are equal, that is. 


AAAA—CA aqicc +; ddd a4; 
+ 34=3cc +$dd3c+4—f. 
That is 4444 —caa+da= —f, orelſc 


ARGA=Ca4—d 4 — f, which is the ſame 
xquation which was to be reſolyed, of which 
th:reforeg k, isa true root, 

 Inlike fort might #0, be proyed a true root 
which wag to be demonlirated, 


\ 


Des Cartes, demonſtrates of all this no more 
but the caſe where the zquation 1s 4 4:4); =c 4 4 
—4 a+ f, and leayes the Reader to pleafe 
himiclt tn finding proofes for the reſt : I have 
choten this caſe, to | wrewr ral & have demon- 
{trated the caſes of the two Meanes, and triſeRti- 
on-not onely becauſe ſome Readers may be as 
much- pleated to have this done to their hard as 
I:trz0 doc themlelyes : tutalſothar all wigh: ſee 

| ; Y chat 
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that the generall way of demonltrating all forts 


of caſes, depends on theſe two things ; firſt that 
the right parameter of the Parabola being always 
Unity, if any of the roots be put equal to a, the 
intercepted diameter will be.always 4 4, Ye- 
condly, there may be ever !tound two ſquares t- 
qual to two other ſquares,and euther the firſt two, 
or ſecondtwo equal to the ſquare of Radius, By 
help of theſe two things may any calc hereof be 


proyed, 


I will conclude with a Breviat of ſuch equati- 
ons as are not relolyble by Ruler and compaſle. 
1 If th:re be as many yowels as conſonants, 
and the vowels uncqual. . - . 
As, ae—dax=db, ac-da=db 
Or, — 4e-k- da==4d6. 


in Though but of two dimenſions and in fewelt 


termes, as 4e==b b, though ſuch arc ſolyable yet 
it-may be by infinite ways, and therefore cannot 
be applied to any limited Propoſition, 

3 If there be but one Vowell, but cubically 
multiplied, or higher, | 

As, aaa=bbc, Or, aaaa=bbbe.. 

Where the Aquation being already mn the 


+ leaſt termes, and notto be brought down by any 


common diyiſor nor the hamogeneal 6 6 c, re- 
qucivlz to any ſolid more regular, as, to f ff, it 1s 


irreſolub]2, 


CHAP. 
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CHAP, X 


3s (as by righr lines and Circles onl 


$6 this following, - 
Probl, L.-, 


cun-ue [c] 10 drawaright line \ cf | 


45] any other _— TT 


F ayy reBaugle (b 4 c 4) prmythn or an angle 


TAving aid (in the contclufion of the Fe 
Chapter) that the Equation & e + 
y) 1rreſoluble, 
L will here ſhew a Probleme,by reſolve where- 
of the ſaid zquation wy be happened FR Which 


da==db 


cattin 14 


orc oppo Ls [b4 Do] and fonen 
wet para [6 g.] produced in | F, ] nos 
the intercepted. line:|f 0] may be equall to 


do==4 and bf=e 


_—— 


SOT Tie ng 


And | 


IT 


nd | 


| Sol:d Xquatipn, b 


ence) C. d == == b. 


169.) 
And becauſe the Triangles os fo 4 day are like, 


Therefore ut 15 6 — 4 ” be 
Anddb —da=ac, KEY __ Lda=db, 
Sq we are quickly come to the Quation re- 


quired , which zquation having as. many un- 
known quantities ( as 4,e ) as known (wo Wit, 
b&4) is hitherto vleleſſe. 

- That ;the Probleme therefore may be ſolved, 
we mult work if es way , and bring 1tto 2 
fs mating (for moxe conveni- 


and 6 d==4, and 


þ 4 
ad X a8b7, 


[= & . —A 


(64g, 


bo==a, 


Then 4d. — 4” 4 I 


' And the Tao iveyEh——— + 44 


| 1dr darban 
1s goes cc, by the: 47. of the I; of Eaclide. 


TE bb aa. 
That js, AAS — 
Ad — » adadoan 


Mulciply all by ahe denominator dd — 2: are 


__—_ It -makes ji | 
dd aa — dai + anan + bbaa= 


=ddcc —2decaFccan, That is, 


. BaA'ar:/2 444 a bbaer—ccamfdda | 


2dccamadadrc. | 
T Make 


: ac 
Makebb + dd — cc =ff, thenf f ſhall 
be figned + becauſe hereby ſuppofition it ſhall 
bebb+ dd >ce. Andthe zquation will c, 
aana—21daaad-ffraa:2dccamddecec. 
Expunge the ſecond terme. which 1s — 2 d 444, 
by the ſecond Rule of the 4. Chap. And becauſe 
thz Rule is not fully exemplified there in the 0- 
perolity thereof, I will here work it at large, Be- 
caufe 44 4 4 hath foure dimenſions, 
Therefore make 4 1” 24” 4d” 
Aoain, becaulc the: firft and {econd term haye 
different ſignes , therefore put eid=a 


G = 4. Rale 2. | | 
he new Xquation arifing thereof will be, 


b£r*þ2de) + $£ ddeeb; ddde- 508 
—24e* —3ddee—z$dddet-qdddd 
£ffeeþ dffe+34dff 1 =o 


+ 2dece4-dadcc 
—dadce 


The homogeneal — dd cc, 1s here put onthe 
fame fide with the rett, becaule (for the pnony 
it ſcemsbetter to ſtand ſo, that it may be the la 
term, in rejation to that. which is gone before 
Chap. 4. Set, 4. of the ſecond Rule. | 

In this laſt zquation, it is manifeſt that the ſe- 
cond term2deee, is (through contradiction of 
x and —) aboliſhed, as was required, —_ 

n 


— __ 


,F 
oo T7. ®. Dd. ex , 
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And now becauſe the queſititions root-e mult be 
fourſd by help of a Parabola, as before in the like 
caſe was uſed, it is neceſſary to reduce the #qua- 
tion to ſome ſuch form as hath been ſhewed be- 
fore, inth2 Note of the former Chap. 

Firſt therefore to reduce the thi1d termgbecauſe 
d >f, and $44, taken from— 34d relts 
— $1d >ff,makes dd — ff=g g,loallof 
the third term ſhall be —g g ee. 

Likewiſe for th2 fourth term , if ++ ddd 
— $ d4d + dff, be ſummed up together the 
agoregate will be —d dd + ff d,make dd —f f 
Y ; : r ==h þ, then all the fourth term will be 

e, 


conſider hap. 5. Note, 2.) 


| Now forthelaſtterm — 3d ddd — 54 dddd 
=5774 d qd andtherefore making;5d4 4 — 5 ff 
== 1, the aggregate of the laſt terme 1sthereb 
—dall, for dc c 18through contradiction of 
the fignes annulled, 

And naw th: Xquation is eeee—gygee 


+dh he — dd411=0, make = = m ard 
hh tl 


— ==, and — == p, then the zquation will 


a | hy 
be eere—dmeebaddne—dddp=o 

and making 4= 1, then th2.zquation tully redu- 
cd and rightly preparcd is tee ece—mee 
+Tne—p=o. (ln reducing this or the like 


Or 


(172 ) 

Qretee=mee —neÞ-p, whichis alto- 
ether the ſame with that in the former Chapter, 
and the working of it 1s there ſhewed, Except on- 
ly becauſe there the quantity f is figned'—, and 
here the ike quantity p is Ggned +, I ſhall 
(alchough this caſe only is demonſtrated in Des 
{ ates) here demonſtrate it thus. 


4 : * 
" i . 
s * © 
£ WAL 
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yy Ly E 
| . Ka ". IF E2 
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od i 


Deſcribe the Parabolaf a p, according to the pa-. 


rameter d;(that is 4 5)& let @ ebe the axis,8 make 
ac—=5d, ce=Zm, and at right angles ate 
make me =2Z x,anddraw the line 4.5, making 
#5=4, and 4 x=p, and\upon. xs as a diame- 
'ter deſcribe the ſemicircle x hs, and from 4 tob 


=. 9 Aa rr =—_ «aa 


raiſe | 


(173,) 
raife the perpendicular a þ, cutting the Circle in 
h, and with radius ms h deſcribe the arch þk, y, 
cutting the SeQion in &,, and from & let fall a 
perpendicular to »- e produced im 4, and draw 
the lmes ##% and #2 þ. 


DEMONSTRATION, 
To prove gk=e 

Suppoſe it done, and becauic kg =qe=e, and 
me==43y, therefore mq =5i»n-+e,. and the 
ſquare of it is J» #»+-nehee, 

Andbecauſe 4 e= 1d ++ m, and gk=e, 
& becaufe of the Parabola pg a=cee, therefore 
alloeg or gh = m + 4d — ec, & the ſquare 
thereof is +imm+imd+idd—mee 
meer rg. Thar is (becauſc vers-+5r 
Unit 0 1} 4 Em bt —mee—cehe" 
to which adde oy 7ky ue of En, 

And then the whole is 4+ 

Tm 41+ LL —mee—ceoqp eceee 
+ (TRA ; = » 
9110 +1 +5 —meeq et 4inncoge 
equall att pre of Radius mk, : I | 

Again, becauſe m e = $#, the ſquare of it is 
43#%, And becauſe 4 e514, the ſquare of 
that'is 5 m m+ im +4, which added toge- 
ther make 7» + mm +3 mz, for the 
"ſquare of ms 4,. © ach adde the 1quare of 4 þ, 
"that's p (for 4x =p, and «5 = 1, and conſe- 
"quently by Excl. 6. x 3. the ſquare'ot « þ is equal 


9 


|| (172) 
1 Oreceem=mee —nued-p, which is alto- 
8 gether the ſame with that in the former Chapter, 
and the working of it 15 there ſhewed, Except on- 
ly becauſe there the quantity f is ſigned —, and 
here the like quantity p is Ggned +, I ſhall 
(although this caſe only is demonſtrated in Des 
{ artes) here demonſtrate it thus. 
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Deſcribe the Parabolaf a p, according to the pa- 
rameter d,(that is 4 5)& let @ebe the axis,8 make 

ac=5d, ce=Lm, and at right angles at e 

make me =27 x,anddraw the line 4.5, making 

#5=4, and 4 x=p, and\upon. xs as a diame- 
ter deſcribe the ſemicircle x hs, and from 4 tob 


— _ 


raiſe 


wu —_ 44 —_ >, —— IY 


| (173, 
raife the perpendicular a b, cutting the Circle in 
h, atid with radius ms h deſcribe the arch hk, y, 
cutting the SeQtion in &,, and from & let fall a 
perpendicular to »» e produced i 4, and draw 
the lmes #»% and 1m. 


DEMONSTRATION, 
' To prove gk=e 
Suppoſe it done, and becauic kg =qe=e, and 
me=43y, therefore mq =5i ne, and the 
ſquare of it is 3» » + ne ee, 

Andbecauſe ae=3id+53m, and gh=e, 
& becaufe of the Parabola g a=ec, therefore 
alloeg or qgk= 4m + 4d — ec, & the ſquare 
thereof is +imm +imd-idd—meec 
whe pub. Thar is Sram eden 
Unity )4-3 9 #Þ + im + —ee—cee 
to which a rey Rowe gue of 2 ne, 

ron _ the whole 1s + 
TW 4 0 + LL —mee—ceq- eece 
6+ (pr S ry Thar is, 
im mim bs —meepe inndxe 
equall to the ſquare of Radius mk, I 

Again, becaule # e = 54 the {quare of it is 
2.# , And becauſe 4 e= {1+ 5, the {quare of 
that's 5m m+ im +4, which added toge- 
ther make ER erin Fi ml-2z, for the 
Tyre of my 4,. to, which adde the 1quare of « þ, 
"that's p (for 4x =p, and #5 = 1,: and conſe- 
quently by Excl, 6. x 3. the ſquare'of 4 þ is equal 


9 


(74) 


b7 pk? aggregate is Snnb- im md im + 


+©p.- equall ro the ſquare of Radws 9h, bur 


mh — mk. And therefore this aggregate is e«| 


quall to the former aggregate & one may ſee that 


theſe quantities +5\ mm +3 nn + 3+1 2. 
are comune to both ; And therefore the reſiduals| 
are equall, 
Namely, +-ecee — mee ne=—+p, 
Thar 1s in Des Cartes his form. 
ovecem+bmet—nebkp, | 
Which was the zquationto be re{olyed, and 
therefore .g&,— e, which wastobe proved.And 


therefore if g k; be added to £4, the lum is cquall 


to 4 the quelititious rontof the firſt zquation, and] - 


is equall ro þ 0. So that th2 point o which was 
firſt tought, 1s hereby found ; and the Provleme 
ſatisfied; which was to be done, YL | 
ADVERTISE MENT. . 
Now that the different ways of writing equation; 
2847 cauſe no confuſron , let it be ſuppoſed to be 
written ever thus, cecc, mee, nc, p=0, 
the ſignes 4 and — to be ſupplyed 48 the occaſion 
requires, Then, 


1 If it be — », the center of the deſired Cir- 


de is within the SeRion, or at lealt below the 
Vertex. 

2 If itbe +», the ſaid center is aboye the 
vertex, and 5 »# 1s applied upon the Axis produ- 
6d, f:om the point 6,which is always in the axis 

within 


—_ 


A ot - &. 


' fromthe ſeverall interſe 


(175) 


within the Seton, diſtant from the vertex 4 by 


 halte the parameter ; and therefore ua this caſe the 


line #2 cannot be lefle then the parameter d, o- 
therwiſe ths point d, would till fall within the 


Seton, 


3 If it be », thoſe perpendiculars (let fall 
Bone of the Parabola 


| and Circle to the Axis) which are onthe ſame 


| fid? with the center are the falſe roots, and the'a- 


ther the true roots, but it 1t be — »,: then juſt 
contrary, | 

4 Laſtly, if itrbe — p,then one auxiliary circle- 
will ſerye, as here it doth, but if it be | p, then 
there muſt be another alſo, the deſcribing of both 


which is thewed in the former Chapter. 


Probl.2. 


| Upon a line given 4s A Baſe to deferibe an Iſoſ- 


celes triangle, ſo that an inward parallel Baſe 
may cut F two ſegments of the fraes betwixt 
' the baſes, ſo that either ſegment may be equal 
to the inwad baſe, the perpendicular from the 
vertex to the {aid inward Baſe being alſs by 
ſuppoſition given. | 

\ Let there be given the line-c d, and the line 6 g. 
. And let it be required upoh c a, asabalc, to 


; deſcribe the 1ſoſceles b c d, 1o asthe line b g, fal- 


ling at right angles with fe, equ:diſtant to c 4, 
the lines df, e f,.and ec, may be equall cach to 
other.- | ge 

| As 


(176) 
Put'gy=e, and fo=a, 


Then 4 *, d + &, of þ* 
That Gu, on, 
Exclia. 6.16. which is the 
lame zquation as was firſt 1n 
the former Probleme ; and 
therefore if there be in the 
roome of dabea=4db 
ſubſtituted another equation 


4+ rad B the zquation, 
C + a a* —2daa atf faa+ 
2ACCA——dd ec=0O, 
And that purged from the ſecond term, as be- 

fore, there ariſeth a ſecond equation, 

ecee —moee-me—p=o 
Andlaſtly, if d be a parameter, according to 
which a Parabola 1s deſcribed, the root e, and 
conſequently the root 4, may be found as in th: 
farmer, bd 

And thus having ſhewed the methcd general for 
all Zquations which atrain but 3 or 4 dimenſi- 
ons, and exemplified it by Problemes which lead 
to ſuch Zquations; Tnow 1ay that was the end of 


my preſent buſineffe, And itany till defire a Jon- 


ger reach, I referre him'ro Des Carzes, who hath 

roceeded to zquations of 5. and 6. dimenfions; 
by which foure Mean proportionals, and quin- 
_—_— of Angles, and other {urfolid Pro- 


'And cd=6 and 6 gp==q, |. 


like that 1n the former, ſuch 


mes may be found and efteRed, Note, 


(177) 

Not 1. | 
- The firſt Prableme of this Chaptergas it is moie 
compoſed then triſe&ion, ſo it comprehends it; 
as maay be ſcenby (not only Pappus and ochers 
who applied it to thar end bur) the following 
Example. In which, let there be an arch of a cir- 
cle, namely & c,” and let it be required to divide 
the arch 6 c, int three equal parts, or (whichjs 
25 800d) to find the third part of the atch b c. 

ind out the cerer s, and deſcribe the circle, 


| anddraw the Diameter b g, and produce it to p, 


or further, as is need, and make © y the tight fine 


who 2 pay 6 andiee the centre; drawe x 
parallel to c r, and-complere the reQangle © x e r, 
bythe firlt . Probleme, draw 6 pto cute x, in 
ola oof pymey.te equal to b g, then 1 ſay that g 
14equa] ta a third part of þ 6, 
T4 From through e, drawe0ez. _ 

Now becauſe e 0 is A fe he diamerer, 
i | a 


| ay nga in p, the point required, the compaſlc 


(178) 


and the angle f e pa right angle,therefore the lines 
f0,p0,'e0, areſ everally equal, , GT 
Andthe angles ze b—=g eo,andp eo =epo. 
Andallofoe=2peo, Exclid. 1. 32. 
Therefore alſof oe—=2zeb. _ 
Bur fo e, that 15c oz, being 1n the peripherie, 
15 meaſured by half the arch c z,, Exclid, 3. 20. 
wherefore b z. which is the 'meaſure of half the 
angle c oz, is afourth part ofthe whole arch c z; 
and conſequently a third part of 6 c, and therefore 
o which is equal to bz, 18 alſo equal to a third of 
, 14 which was to be proved, | 


NOTE 2, Mechanically. 


Seeing in this Scheme the line f o, is:eyer _ 
to the Semidiameter e g, if in commune praCtiſe 
there 156 6, or any other arch(not greater then 
a.quadrant) to betriſeRed, laying a thin- Ruler 
to touch the point &,-and cut the diameter g, 


ing opencd to the juſt lengrh of Radiuseg, 
ſetting one foot in e x, and ſhitting the Ruler till 
the other foot fall inthe peripherie at o, the point 
0, ſhall always be diſtant from g, by athird of # 
c, the doing of which (although it muſt not be? 
called Mathematical, yet) is very neer as cafe,” 
and as free from erring as fromia point given to; 
a point given to drawa Rreight-line ; or upon'a' 
center given” with 'a diſtance 'given to deſcribe a | 
circle;& from a given point in 1tto fetoff que 
| +4 equa 


(179) 
equal to aftarch giyen : And therefore Ir:coni- 
mend this as the moſt fimple and ſhort and tafe 


\ 


way for Mecchanick uſe, 


NO FX. 3 
If the arch to be triſeted be greater then a 
quadrant, then trife&t the complement thereof ta 
a ſemicircle ; and the third of this complement 
taken from 60 degrees (which is always a given 
arch) leaves the third of thE arch required,” ' 
Inſcription of C hords'in a Circle, and making 


'| zquicrurall triangles whoſe angle at the baſe 


ſhall beto the angle at the yertex un any given 
proportion, are the {ame thing : for to inſcribe a 


4 hgure of 3, 4,5,65 7, $, 9, 10, 11, fides &c, 


findes {uch triangles whoſe ſaid angles ſhall be as 
33 &, Lo $, 2, 5, 235% CC as 15 calte. to be ſeen 
by the operation, | 

Quadratureof the Circle is that in which (as 
yet) onely Arehimedes hath Jaboured with any 
lucceſſe ; he having dzmonſtrated that the Cir- 
cumference is to the Diameter lefler then as 22, 
to.7, and greater then 21 25 to 7, within which: 
ſtrict limuts , a French man many years fince 
tound it tobe in whole Numbers, thus, 


:  Asthe whole circumference, 1s to the perime- 
Peer of the inſcribed Square : (o is 16, to g,that is, 


Quadrant”, Subrenſe *', 10', 9", which is cafe 


| from prattiſe ; and may be proved, thus, 


*" Pur the Diameter = 7, the halfe='3 3, of 


2 whack 


—_ ————_—_ = > > R— — —— — -— — — -_ ” 


ES CORO ar Oo ogg I OI EPR WW EEC IRE AIR nes 


LAPEER. 2 


: Way 


"4* v1 SAN FERT; oe 7 


cptEIN 


center c and ſpace « «deſcribe the, quadrant «1, | . 
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which the ſquar is = $*,and doubled is 2*, whoſe 
root is the fide of the inſcribed (quare, 
whole perimeter therefore is 4 / 4?, and 
the whole circumference is found by this Ana- 
logyme. 
9. 16/ 443. TP”. 
Ir reſts to be proved thats y/ © is greater 


then 21 43, andlefſerthen 23. 
Now. 9, is ſomthing leſſe then y/ 4? 
which multiplied by 40, at divided by g, the 


quotient it 21,995, Which yer 15 greater then 
21 27, for 3% >77 


43 950 3s ſomthi ater then 4/2? 
Whi multip lied by 40, und divided 1 9, 25 be- 


fore, the —_— 4 FY ſothat37 / 3* <23-| 
and?* / 4 D217s  whichy 2d to 'be proved 
CHAP. XVI, 
Of Dialling. 
Probl. 2. 


Upon any declining Plane, to finde the height of | 


the Stile, and 
nation being firſt 


Th epewy ed, Argh bg cut at right 
, and-the c 44, made 
Horizontal elevation * upon the: 


pry Hed te Sub the Dechs- 


Q_.zre nm A ©» 


52 perpendicular : 


(181 ) 


| arid make q + the declination, and draw the de-= 


clining Plane » c and on the center 6, and ſpace 
e4, deſcribe the arch d 5, cutting the decliner in 
s, from whence let fall to 4c produced, a perpen- 
dicular 57, Atd make c y=r 5, and drayy the. 


A. 
@t-+ NC le : 4 
; | ſ 
: | | 


line # y for the ſubſtile. Secondly make y g =cx, 


| and the anole 47g arichta and draw 
[ortor pngee 97 ight angle, and by g, 


Then if from pal y, tothe ſtile,be let fall 
| 2 linecqual to ir ſet off from 
}, towards 4, it ſhall be the ſernidiameter of che 


|*quator, Which zqaator being deſcribed a line 


the 


drawn from the center thereof aan dro 
[Fung where the tangentg 7 wouldi 
" 3 -oduc 


Elevation, ſos the fine of the Declination to the 


3 c. In like fort ir might be proycd that, as Ras|-: 


—— 
one 
—_ —_ —— ————_——_—_— _——__ ec — > 
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produced ſhal cut it into two equal parts,whereof | 


that ſemicircle which is neerer to the line y g dirs | 
' videdinto 12 equal parts beginning at the faid, 


oint of interſection of gy,& ac,produced & rec-), 
| £7805 both ways as the Plane y.q, ſhall admit, 
2 Ruler layd from the center of the #quator tol 
every one of thoſe diviſions, ſhall interſcQ the} , 
tangent to. the xquator, that is g y, continued] 
through which jnterſeQions lines drawn from ah» 
(the center ofthe Diall) ſhall'be che hour lines. |þ-q 
For ſeeing 1t 18 known already' 417 rigonome-| 
grie thatyas Radius to tangent complement of theh.; 


ent of the ſubliiles diſtance from the Meri-[-» 
dian, and if « c be radius,c 4, 18 the co-tangent of}-:! 
Elevation,if thar co-tangent be made Radws,it is 
manifeſt that the ſine of the declination 57, ſhall-: 
be made thereby the tangent of ſubltilar diltance,ſ:;! 


dius cd, to c d the co»tine of the Elevation 4d |? 
ſor c the co-fine of d:clination, to r c the fine of} 
+, <A ; | I Ws _- 
| _ 'Prebl, 2. 7 

Of Declining Recliners, ..* by 

To Fad be Meridian of the Place, the Mei | 
"@ianof the Plane, and height of the Stile." © 
Lerthe parallel lines 9 s,/ repreſent the baſoſe 
of te declining ireclinzs Pp ne ;-and make the ti 
angle g.x x qual zo: the reclination,' * =» 
$4 


LES = : it : . 
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eof) - And letq#, and x'w, cutat right angle in 4. 
dir} Make the angle. x 4 b,cqual to the declination, 
aid) Anddrawthe lines x #, and 46. 
Ec-}/*:-And making x © =», draw c 6, for the Me- 
nit,  ridian of the p ce; or hour of 12,- © * 
"Ol Then make am =4 b, and the angle 4 #s z, 
the equal tothe latituds, and dravw the line »» =, 

ucd| Make ah=8x,and ad=4,, 

n 4zÞ\/' Draw 'the line ka, and (where 1s need) pro- 
p duce Wc 


"1 " Prbmi 2, let- fall-a tpentibaler tok d, in h, 
d from 6, (the:center of the Dial) to the verti- 

> Meridian x w; apply br =k&þb, forthe Sub-- 

FNC PINE; 

Laſtly unts-the line 6 r, in the point, raiſe 2 

SÞrpendicular r e, = zh, and draw a lum from, 

ſos, for the Stile, N 4 $0 


(184) | 
Sothe line r &, produced both ways, ſhall be : 

tangent to the Aquator , whole femidiamete! 
* ſhall bealine lerfall from thepoine 7, perpendi: 
cular to the lime be, And the reft of rhe Dial may 


be finilhed like a Vertical decliner, as in Prob, 1 
DEMONSTRATION. 


Firſt the Center 6, is choſen at pleaſure, in an 
place of the Horizontal Meridian a6, for the Pa 
rallels q s, / g, might be put neerer or further © 
and notalter the work at all, onely the Diagra 
would be lefler or greater accordingly. | 

| Now. becanſe x c== x#, the Bo of the Re 
clining plane x », ſha]lcut'the. Vertical Meridi 
an x wz andlet it cut it inthe point c, 

And becauſe the line b 8, ſubtends both th: 
Meridians 6 a, and ac, atid is digwn upon the 


Plane from the Center, it ſhall repreſent the Me] - 


ridizn of the Place: forthe Swn. ent ang 
A 


point c, at 12 of checke in the'yerrical x ” 


the point 6, at the ſame" rune 1&7 rhe 

meridian 4 6, it ſhall at theſamthume illuminate 
the whole line 6 ec, ſo as thq Stile of the Dial 
ſhall ſhadow the ſame juſtly at the ſame time. 


Again, becauſe the triangles'' mx, 4 þ d, arc 
=quiangular amd equal, if \ opvrnin}] dethr-Ze- 
nith, the. poixit x Luppoltd to, be-lazd upon the 


point k,, the fines, d = x #, andthe angle «&4| | 


equal $0 the xeehifation, & d ſhaltrhrntuly c- 


— 


preſent tha reclining Plane, ' - Mart 


«If therefore from the Pole 2, meridian..z h 
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Morcover 4w being equal to 46 by conſtructt- 
on, and the angle = z equal to the latitude or 
elevation, the point repreſents a Pole of the 
Equator, becauſe the Axis m , andthe Mendi- 


an #z meet there, 


nm——c— IS ad. 4th. od 


fall upon the Plane &.4, (or the back (ide thereof ) 
as right angles, it ſhall fall upon a pount of the ſub- 
Rile in þ, which point þ therefore doth limit the 
ſubſtile on that part, oe he ET 
+ Bur the horizontal line in which b, the center. 
ofche dial is tzkeri mult limit ir 6n the other part, 
corwitin the point x, ork, forhar þ ki8the juſt 
length of the fubltile upon che Platie, © 
. Ad becaldfe the ſubſtile muſt both palle through 


+ the Cenret b; #hd'incline to the yertical x w (to 
> Wer —_—_ bet 
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. which the plane it ſelf inclines) the line 6 hb 
being ſo placed is the ſudſtile, - 

-'{z Laſtly, becauſe h is the: neereft diſtance be- 

-Ewixt the Pole and the Plane, er being equal 


thereunto, and perpendicular tothe Subſtilezit thal | 


be the length of the Stile, that is (where the Sub- 


to be proved. 

This Plane declining 30 degrees and reclining 
20 degrees, may ſerve for an example of planes 
reclining and declining which lie berween the 
Zenith and the Pole, 


The diſtance. of the Meridian from the Hori- 


zon'is the angle gb © =278. 50, 
NOTE. 


Unts any Declination given may be found a 
Reclination, ſo as that the_plane compoled ſhall 
have the Aquator inthe Zenith that 1s the Poles 
ſhall haye, no. height aboye the. Plane, onely by 
making 4#=4 in the former figure, and 
drping x #;the angle g x # 5 therthing ſought, 


2 o ". ; k ; z . Ka 4 . 
'Or if the Reclination £ x 1, Were given, a De- 


clination-might be found to doe the ſame, onely 
by making ftill 42. = 4»; andthe angle az, ms; 
equal to che height of, the Aquateraboye the Ho- 
rizori ;and 4b.—=.4m; and drawing the line 4b, 
the angle x 4 b, ſhall be the declination ſoyghy for, 
© And thoſe Planes fo made are called meridi-. 

1 onal 


4 IS | 
>» S4*F 


RildFr, is Radius) the tangent of the height of | 9 


the Pole above the Plane, which is all which was | - 


| CC 


F 
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4h Onal Planes, becauſe, they are parallel to the Axis 
Of the Xquator, The Nial upon any of theng,.1s 
be- like the Polar Plane, haying the fame reaſon tor 
ual | the paralleliſme of the hours ; bur becauſe the Sub» 
hal | ſtile may chance to fall neither upon .our 12,nor 
tb | 6, but any where clic according to ſeyeral deeli- 
of | nations, the place of that mult be found, $61 
as | _ Which 1s done by finding-a certain.angle 
comprehended betwixt the Meridian of the place; 
1s | and the Meridian of the: Plane, which. angle 1s. * 
-« commonly called-the angle of inclination of Mer 
ridians,and may be found as follows, ' , 
Deſcribe the following*Circle w ne s forthe 
Horizon, and'draw » s for the Meridian, and  #, 


f 


for_the Prime Vettical, qgeox, for the deddin dis 
Plane; pr, the Meridian upon 1t; and pathe ele--- 
ation of the Pole above che Horizon, Then in'rhe' 
7:1 | _ triangle 


CY 
I} :. 


ee _ _ 
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triangle pg z right angled at g, it 15 evident by 


the firlt Axtome of Spherical triangles, that if you. | 
work by the artificial fines & tangents,&alſo chuſe | 
p + forthe middle part, the Aquation will be this, | 


— $46. p & + Radius=2c.g zpjutc.gp =; 
*. Andtherefore adding the fine of the elevation 
to Radius, and from the aggregate ſubtracting the 
rcengene complement of the declination, the re- 
maine will be the tangent complement of the an- 

e of inclination 'of Meridians ', which angle 
{ought is» pr for g pris god. 

| Example, 

Let the Declination w z q be 60 degrees, 

" The Reclination z g, ſo much as may cauſe the 
Plane q g x to paſle through the Pole at p, and 1:t 
pr be ſuppoſed to paſle by the pole of the circle g 
F x, that{othe angle r pg, may be a rightangle : 
andchooſe pz for the middle part in the triangle 
bo _ ar$led at g,becauſe in the triangle g x 
z;the ſides xz and x g are quadrants, \ 6 in 
latitude 51. 32'. | 

The fine comp, p'z, is the (ine of the clyation, 
,» That 1s fine FI 32 tog, 9893748 
To which add Radius, ſumis © 19893745 


From which take e c,gzp that is,3.30d.9761439 | 


Remains tc. gps or tang.53d. 36',=10132306 
\Fhe angle #:p x, theretore is 53, 367, Which 
18 thi of inclination Ne ionſte for, 
which bring divided by 15(the number © degof 


_ 


| 
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the Aquator accompted for every hour) the quoe 


tient 1s 3, or rather 3-343. which ſhews the 
hour from Noon over which the ftile mult hang 
that is 1n the after noon 3 52 of clock ifthe de- 
clination be weſterly,or $535, if caſterly, this latt 
the morning hour, the other afternoon, 

Now this fraction being retified (which every 
man thar hath any skil in Arithmetique knows 
how ta doe) and the intire hours of $ and g, or 
4 and 3 being alligned, - the reſt may be found by 
tangents of arches encreaſing R1l from the ſubtile 
by the quantity of 15 d,for every hour, And ſo 
the Dial may be made on paper. | 

But to place it right = it 15 made, the angle 
comprehended betwixt the ſubftile and the hori- 
zontal line which is here 'the! line / g upon the 
Reclining Plane, muſt alſo be found out + A 
may thus (working (til by Logarithmes) from 21 
fine of the latitude: plus R gdins, take the fine 
complement of the Rectination, there ſhall remain 
the -ſine of an angle, which angle s the true di- 

« lance of the ſubſtile from the Horizon, And 
- muſt befet off from the horizontal line ar the cen- 
ter of the dial weſtward if the declination (as here 
It is) be caſtward: Or elfe caftward if the' de- 
clination be weſtward. And fo the dial ſhalt be 
rightly-made- and fituate, | 
Now: though all this be moſt eakie to all thac 
know-how to: ule the Eogarithmes ; yer that this 
may not dependthereon, the ſame things m__ | 
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cle at pleaſure, 


For firft  Cotangent Declination ', Radius ©, | 
fone latitude *, tangent Inclination of Meridi- | 


1 


ans 
Secondly ,” Coſine Reclination ', ſine | Lati- 
tude '* ; Radins ', ſine diſtance of ſubſtile from 
Horizon *', a 
Which is enough, any circle will afford theſe 
natuglly ; for ſuch as afte& not he artificial, and 
the former Scheme will demonſtrate this eably, 


Prov, 3, 
To find the ſame in thoſe called South Declining 


ſnclining Planes. 


 Putthe parallel lines p, q, for the horizontal 
Baſe of the inclining Plane. _ 
The Declination, angle 4b c=.60d, 
The Inclination pcd = 58d. ELD of 
Make y = perpendicular to the line g.in b, 
Makealſo c ec 4d, | "if 
And bd z equal to the Complement of the ele- 
 yation, 


_ bandz, And make bh —bz. 


rough k (the line 46 being farlt produced fo. 


far) draw k&.. parallel to 2-7,cutting the line qg 4 


| ul Fo, | 
"as... 


found out Geometrically by deſcribing any Cirs | 


' 
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And make b6/=—xkh, 


 —_— 


?L 
NM 


; 
+: 


ad 
Ro 


| 
le 


Pe... 


FP 


7 


Oh 


Verticall, 


edC34 1 


'F ; {1 | 


ik 


From | let fall a chicks toc dto wit /s. - 
Make hg =co, 
 Thendraw eg for the ſubſtile, And, 
\- Makeg »==/0, andat right angles with eg. 
' Arid draw e » fot the Stile. 
*Ande 4 for the houre of 1 2, 
"So the Dial may be finiſhed like «Declining 


DE. 


' rizontal Meridian to d, or e'in the vertical Me- 
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" DE MONSTRATION 


Becauſe 4bc==kbz, is equal to the decli- 
nation, therefore the line kþ , the horizontal 
Meridian upon the baſe. pg. And bk —= þ z by 
conſtruction , and the triangles d 6 k and 4b z 
are equiangle and equal,having one:ccommune fide 
d b ;and a commune angle 6 dz, arid b & =b z, | 
therefore a Tight line paſſing 'fromk, in the ho- 


ridian'z y, ſhallrepreſent the Axis of the Aqua- 
tor ; for the angle b 4k equal to b dz, is the com- 
plement of the elevation by Conſtruction ; and 
d b ka right angle. : 
And therefore whenſoever the poin k, is either 
ſhadowed, or inlightened,the point 4 is the ſame; 
and the point e allo, becauſe it is 1n the ſame Axis| 
with 4, 15at the lame time fo afteRed ; wherefore 
the center of the-dial being # e, a line dra 
fxona thence upon the Plane to 4, {ball be the 
adbegre the Hepocheogh 
Axis palſing fromee, 1m the inclining 
ue danyandyy Epi 
c the linck,s bg, a 
fram thence to. the Plane 


ow 24 A rw” ropwy 


a 


And betmiife: bits thank once _ 
| fore a perpendicular je fall om ky 20 g3 hi 

| cqualto /x, or lo, 

And becauſe k (as hath "been ſhewed) 82 
int in the Axis, andy, a point in che Dial 
lane, the perpendicular & g, oro; ſhall be'the 


Ky height, or (ſome callc) he hugh fe Sales 


or making c-g,radws) the 
A Pole oder 


_ Andthe point gaberc cuts «che Dilplanea6 
angles,ſlall be a point inthe ſubftile, 
& + Liochen r of the Dial; av havk 
wendy, - 


: . Theres 


' rizontal Meridian to d, ore'in the vertical Me- 
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DEMONSTRATION 


Becauſe 4bc==kbz, is equal to the decli- 
nation, therefore the line kþ #, 8 the horizontal 
Meridian upon the baſe pg, And bk = b z by 
conſtruAion , and the triangles d b k and 4b z 
are equiangle and equal,haying one:ccommune fide 
d b ;and a commune angle 6 dz, arid bk =6b z, | 
therefore a right line paſſing 'fromk, in the ho- 


ridian z y, ſhall repreſent the Axis of the Aqua- 
tor ; for the angle 6 4k equal to b dz, is the com- 
plement of the elevation by Conſtruction ; and 
d b k:2 right angle. 

And therefore whenſoeyer the poin k, is either 
ſhadowed, or inlightened, the point 4 is the ſame; 
and the point e allo, becauſe it 1$ in the ſame Axis 
with.4, 1sat the ſame time fo affeRed ; wherefore 
the center of the dial being #t e, a line drawnf , 
fxom thence upon; the Plane to 4, ſhall be the 
hour of 12, | 

Andbe 


lineksbg. :tra tc 

Makeex = bg —£c0. Then ppt | 
from [ to, x, 1s lame with that Ito, 5 
vamely the line /o, EY | x þ 


a 


And betmiiſe: btn rhjenfedanbug wr: 
fore a perpendicular ler fall from &,-to Fd 
equal to / x, oro, 
And becauſe & (as hath been ſhewed)-is 4 
int in the Axis, and g, a point in the Dial 
] Plane, the perpendicular ck g, or/o,fhallberthe 
| eight, or (4ome calle) te eng ofthe rl 


C Af or more -radius) the 
/ eto nniy ae fo dle eta above 
_ Andthe Fr [ome it cuts 5th <Dadpnea 
= EET: 
dt or whe 4s the of the Dial; [Dial ao hk 
| Theres 
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at pleaſure, - .* , /- | 
. £quineRial Planes (I mean fuch as are ſo de- 
x: 


oy - a 


momunated from, the planes not. ; 
| | fuch as hays one of the Poles for 


-* : , o 
; _— + : | 44, 


=—_— TE —_ 
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the; (thele, a circle diyided into 24 equal parts gives 
the hours; and a pin perpendicular to the centers 
713 (of an y lengrh) is the Stile, | 
/ the | Polur Planes have the Equator inthe Zenith; 
where theſe are proper Horizons, the Subſtile and 
! £lMeridian of the Place are all ones che hours pa- 
de-\rallelto it ; their diſtances from it meaſured by 
Sz Itangents of t5; 30945; 60,75; 90, &c, degrees 
2ecording to any Radius ; provided that Radius. 
Sy be the Came with the hejohe of the ſtile ; which1s 
2 pin ſet uptight in the center of the Circle ro 
i which the tansents belong; 
-Eaſt and Weſt Planes in any jatitude'are-of 
{this kinde; differing onely in longitude, go; des 
2; by whieh it comes to paſle that in thele the 
— of 6. is the ſubſtile,/and the rett of the 
worke (leaying- out INY vous) the fame 
#'in the former,” * 
*'Tos place theſe right upori the plane dra 2 
line paraliel tothe horizon; and in ary iconvye- 
nient place from the horizontal line in an arety 
ca } of ſome circle ſet off the latitude;inclyded betweerr 
chelf the horizontalJine & another, that other line,cut 
IT by a third tine at'righrengles;1 the third line ſhalt 
| >< the Equator, the ſecond the ſublille, the reft 
ike that before. Prob, 1. © | 
dee] Todraw" ary Vertical Dial by belp of as He 
AT} © zomal dial; withovt any equator, 
44 * Making the Center x,and at-apy —_ de 
© 3 feribs 
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| ſcribe acircle, on which (having made x 4-the 
Meridian) ſet off the horizontal Arches proper 
tothe latitude (taken out of the table hereatcer 
following, or any other way ;) from the Meridian 
making thereby markes in the circle, by which, 
and the center x draw the horizontal lines x 1, 
x 2. 3. &c., on both ſides the Meridian to cut 
the declining plane (which inthis example 1s the 
line y 7,decluung from the Prime Vertical o 5, aſ- 
muchas is the angle o 47 that is almoſt f{eyen de- 
grees)1n the points 1, 2, 3, &c, onthe one (ide ; 
and 8,9, 10, and11, oras many of .them as the 
plane will receive on the other fide of the Meri- 
dian: to which points lines drawn from the cen- 
ter of the dial, that is z ſhall be the hour lines, the 


—_—_ x p, is the eleyation, 


e faid center =, 15 found out by making, 


az =4p, the ſaid a pbeihg always the fine of 
the latitude, where the. line 4x is the fine of the 


complement thereof that. 1s, haying made x « the. 


meridian, and o 5, the prime yertical, and the an- 
gle .«x p equal to the. latitude, the, point py 
and the line, 4 p, are thereby given, then heving 
made z 4, perpendicular-to7.3, make 2/4 equal: 


wap," or arm 
| - -*Nowtofindthe ſtile and ſubſtiley, it is already, 
ſhewed at firſt in the yertical decliner. 
Conceming  Azimmurbr',, «Alnmicanters, and 
other ſuch things, I ſhall nat fay. much; becauſe 
where there needs molt Art to defcribe 6 
dr. ; | | ere 


*s a | 
* <> 


| 


there they are moſt uſcleſſe; ſerying but to make a 
Dial more blind,which looked too mnch a fquinir 
before, And although the Dialler have all prc 

in his head; yet very ſeldom doth his fandfo 
concurre herein as to inſcribe theſe things in their 
rg places, efpecually in oblique Planes, 


© Before I medle at all with theſe, it will be ne- 


eelſary to proportion the Perpendicular Scile to 
the Plas: ; p Rs 


, ——_—. 
— — 


_ CHAP. XVII. 

FE Of -the P erpendicylar Stiles: .- 
Tis myſt be perpendicular to the ſubltile, and 
>” the top thereof derermined'in the Stile, or 
axis. * O 3 If 


P—_ 


— ___—__ 


— 
mc A A CAA AH ACA ny WAGES A EGS 


.of Diyifion in the ſubltile, perpendicular 


'Suns dintnal Motion 


Parallel to the Aqua 
and alcheugh cherear are'47 of 


tude of. 51: 32', we accompt but.9.. 2:z., theft 
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If the Plane be ſmal, conſider wh:ther it be | 


direct, or declining, and much declining. 

If direR, the ſubltile may be placed in the mid- 
d:6i, if declining, thn on t he part oppolite to the 
deelination. 

The ſubſtile well placed, (and roome lefr for 
the figures) divide I; into two parts, ſo as that 
part next the center of the Dial may be the. tan- 
vent complement of the height of the Pole aboye 
the plane ; andth= other part the rangent com- 
plement of the Sun's meridional h:3ghc un the be- 
ginning of that Tropique which 1s co'be more re- 
more from the center of the Dial, 

And the Radius proper to theſe tangents ſhall 
be the perpendicular ftile, to be placed 1 in the point 

dere- 
unto, 


Of the Si ignes, or Parallet. 


' A'Sione isa twelfth part of the Edlprque ang 
conraines therefore 30 deorces, 
A Parallel, according to othe vulgar ler ſe, is the 
29 by day * And becauſe 
there arc 47 degrees — Tropique to Tropique, 
there may CE a Parallels that-15, circles 
which ho _ deſcries eyery 24 houres ſuppoſed 
tor though not exactly lo ; 


which; are the day rom. -NUT to,SUn when 1 3 45V, 
tl 


| 


ete-yer' in our Ao. " 


9)! 


FT W--.W 0 WY a. 
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9,10, 11,12, 13,14, 15, or 16. hours long, *FhE 
Delicription of theſe parallels and of the fignes is 
made the ſame way : onely..duc: reſpe&t muſt” ke 
had to the quantity of the Suns declination, tor: 
in all dirc& horizontals, the perpendicular ſtile. 
being Radius, the tangent complement-of tho; 
Wuns heightzin any fgne or parallchat.any hour of 
of the day,ſct off from the toor of the 1aid Blile;and: 
extend:d to the hour line;gives.a marke;by which». 
the parallel of that day fſhallpaſte, So that. this: 
Worke repeated ſo oftenasthe number of paral- 
lels to be inſcribed, and the hour lines require, 
ſhall give reſpeive: pomts. enough. in cach hour 
to draw cach parallel by ;> :. 7 1787-1 . 
© "Example: TTL” 

In the latitude 51, 32/. the Sunbeing in Piſces 
(che beginning thereof thz degrees of the Suns 
height above the horizon at every hour being as 
followeth, that is, 25. 37”. at one of clock, a1. 


 49.attwo; 15. 57 .atthree; 8. 327, atfourc,and 


the fame tor eight , nine, ten, and- eleven re- 
ſpe&tively,it the perpendiculariiile being:Radivs,, 
thetangents of the complements of 25..37';: 33. 


49'. 15.57 » 8, 32'..be applyed from the foor 


of the (tile ro the refpeRive hour, thats, the co- 
tangent of 25.37. from th: foat of theſiyle to the 


' hours of 1. and 11. and. 1o the orthzrs, they ſhall 


ive points in every hour-l:inz one, by whicha 
le being drawn with an ey2n haud ſhall be th: 
| O 4 Paral- 


& 


and inſcribe the hgnes or 
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Parallel at th: beginning of Peſces, And the like 
_ .Andtherefore generally in yerticals, as alſo in 


all recliners that 1s to ci planes what- 


ſoever,draw a horizontal di ee. to the plane, 


ting off fromthe foot of the perpendicular ſtile, 
the tangents complements of the Suns height at 
eyery hour in the. beginning of every ſuch tigne, 
aboycthat-plane taken as an horizon, the perpen- 


dicular tile being ever Radius ; and at the end of | 
theſe tangents o ſet off, upon cyery reſpective 


hour-line, will be a point, by;which points, lines 
draven withan eyenhand, ſhall give the parallels 


deſired, This horizontal Dial being drawn: in” 


obſcure lines,the Dial for the plane may be drawn 
afterwards, The Parallels fcrving which were 
drawn before. #. 

Ex ample. 

Suppoſe (as M. Wells doth pag. 185) a plane 
dcelimng 30 degrees, and reclining 55 degrees; 
the height of the Pole above the plane xg dearces 
25 mines ; the Suns height at. the beginning 


12h, $24.5, 
M4; C1 73 139 
Of Taxras tobe )) 2 . 60. 3 
at the hours of\ 3 46 + 4 
| ; ( 4 31 52 
5 17-47 


Is upon it, by ſet- 


«. WP 


On 


k 4 


2 


PW ,W9 . 90 . v9 


ther Parallels may be found, 


Sq YO, '7 un. 


CG OO” {We _. 99. vp 


| Meridian, 
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+ The tangents of the complements of $2, 5"; 
and 72, 30'. and 60, 3', &c, ſet oft from the foot 
of the perpendicular tile (the- ſaid file being the 
Radius ts thoſe tangents).to the oblcure horizon- 
tal hours of 12, r, 2, 8c, give the true diſtances 
berween the foot of the ſtile and thoſe auxiliary 
hours for the parallel of Tawres, And to the 0- 
| Ir is true, the height of the Sun at every hour of 
the day, at the beginning of every (igne_ in any 


latitude 18 not cafily'found out without Trigono- 


metrical Calculation by Logarithms of the fines & 
Tangenes, or by truſting to Tables already Cal- 
culated, it any happen to be done for that latitude 
already, the way of making a table ſhall be thew- 
ed towards the end, - | 

Of the Vertical Circles, 

Theſe are vulgarly call:d Azimuths ; and are 
great Circles whoſe Poles lye in the hor:zzon, and 
interſeting one another 1n the Zenith and Nax. 
dir of the Place, +50} ant 

- The whole Honzon being divided into 32 
parts equal, theſe circles ſhewing thoſe divifions 
are called pounts of the Compaſic, and marked- 
$.SbE,S SE. &c.; Every one diftant from 0- 


' ther by, 11 Zdegtces. | 


But the better. way of accompring them is.10 
40 ze, 4©, 50, 60, 70, &c, degices from the 


% 


I In 
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7 In ll horizontal dials, the Perpendicular hc 
ſtile being choſen, making the foot thereof the: |; 
center, at any convenient diſtance deſcribe a cir- N 
cle, and accompt from the meridian both ways w 
arches equal ro 10, 206, 30, &c, degrees, from: | cl 
which diviſions right lines drawn to the-foot of | gi, 
the ſtile aforeſaid, ſhall repreſent thoſe Azimuths.| u; 
upon that dial. | SICES, þ 
-..3; Upon a Prime Vertical: ('pr South) Dia), | us 
throughthe foor of the perpendicular ſtile draw a} th 
right line parallel to the horizon, and making; the | zj 
{a1d (tile radius, upon the parallel line ſet off both 
ways from the Meridian tangents of 10, 20, 30, | k1 
40, &c, degrees, through which divifions right} w 
lines drawn all at right avgles with the parallel /| pl 
line ſhall be the Azimuths, ;.| at 
2 Uponany declining Vertical the ſame being 
done ſhall give the Azimuths of 10, 20, 30, &c, | 
from the meridian of the plane, or from the Me- þ 9, 
ridian of the place, jult allowance being made for | 4; 
the diſtance of Meridians,... - 1 
4 In South Dechning Reclining Planes, the | 
perpendicular tile being .choſen, and made the | | 
Radius, the tangent complenaent of the Reclina- 
tion applyedfrom the foot of the ſaid ſtile tothe 
meridian of. the place,ſhall determine the Zenith th 
of th place, through which, and the: foot of the | b: 
file, that is'the Zenith of the plane, a right line | p! 
' drawn ſhall be a perpengicular tothe. horizontal | * 
linz,which ſhall congurre with the #quator ” the- | 
T1 our | 
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lar hour of 6,and the theretore if. from the foot of the 
he: ſtile upon the ſaid perpendicular: towards the 
Ir- North (for the former application is made to- 
ys wards the South) be ſet oft the tangent of the rce- 
2m: | clination, aline drawn from the end thereof ar 
of | zight angles with it, ſhall be the horizoncal line : 
hs. upon which the tangents of 10, 20, 30, &c, (the 


al, 


' 


— 


' ſccantof the reclination being now made Radt- 


| 


| zimuths. 


us) ſer fromthe ſaid right angle, lines drawn from 


them to the Zenith ot the place ſhall bethe A- 


5 The diſtance betwixt the Mcridians being 
known, upon the horizontal line, the Azimuths 


| which were accompred from the meridian of the 
| plane may be fitted for accompr from the meridi- 


an of the place with caſie. 

For exampl?, Ter that diſtance be the tangent of 
20 deg, thenthat Azimuth which 35 10 from the 
one, 15 10 from the vther allo, and that which 1s 
30 on the ſame {ide of the ſubtle is 20 0n the 0- 
ther fide of the Meridian 'of the place, the like 
Mcthod ſeryes tor any diſtance, 


Wote 1. 


It may be noted, that alchough I have ſhewed 
the conltruction ofa South reclining plane at the 
beginning hereof in a figure proper only to thoſe 

lanes which recline not furcher then the Pole 
Whereas in thol* rhat doe, andalchough there te 
fame variation of the Scheme 25 you may fee by 
a1; COM 
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comparing this with the former (at the firſt be- ho 
ginning of this ſubje&) for the point h, which 


there {cll on that ſide of the yertical meridian} - 
z x towards q, here falls on the other {ide towards 
s, likewiſe the hour of x 2,that is & c, did there fall 
berwixt the axis and the ſubſtile, but falls here be- 
twixt the ſubſtile and the horizontal meridian 
þ a: yathis notwithltanding the conſtrution 1s 
the very fame inbeth, 


NOTE, 2», 

Tt.may be further Noted, that as the Reclinati- 
on may ancreaſe, the points #,c, r, all approach |' 
fill geerer to #, and when the reclination Nt 
_ | they 
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.- | they are all coincident, and this vaniſheth into an 
de-| horizontal dial Whoſe ſubflile willbe 6%, — 
ch Alſo if the Declination be Rill increaſed, at 
laſt che points& and »», will be coincident, and 
the Ft prom will be parallel to the prime verti- 
cal, and the work a South dial whoſe ({ubliile is 

or may bez 4, og 
But whether the declination increaſe or nor, if 
| thereclination amount to 90d, or aboye, then the 
| ſubſtiJar line applyed (as efare) from 6, to the 
| yertical x x, FA? tall between the points 4a and x, 
upon the baſe of the plane, By which means the 
former method is rendered inſuſficient , or (at 
leaſt) inconyenient in this caſe, Wherefore ha- 
ving deſcribed any ſemicircle on paper, and made 
therein the angle d 4 b, <qual to the declination 


my 
all 


| | 
i» | (which let be 504.) and the angle f ab equalto 
h | thereclination (which! ler be a. 1 b ae” 
0 | &c.9q'. (having firftdrawn the lmes fo, => 
y 


_— ,- * \the 
comparing this with the former (at the firſt be- 1g, 
ginning of this ſubje&) for the point þ, which 


4 


pF 
=: tf 


there fcll on that fide of the yertical meridian} - 
z x towards q, here falls on the other ſide towards 
s, likewiſe the hour of x 2,that is 6 c, did there fall 
berwixt the axis and the ſubſtile, but falls here be- 
twixt the ſubſtile. and the horizontal meridian 
þ a: y&this notwithltanding the conſtruction is 
the very fame inbeth, 


NOTE, ». 

- .Te,may be further Noted, that as the Reclinati- 
on may increaſe, the points #,c, 7, all approach | 
fill geerer to #, and when the reclination-is 96 
Y ge le Lore | Fo 
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they are all coincident, and this yaniſheth into an 


be" horizontal dial Whoſe ſubſtile willbe 64, 
net Allo if the Declination be ill increaſed, at 


laſt the prom and »s, will be coincident, and 
the dial plane will be parallel to the prime yerti- 
cal, and the work a South dial ww (ubliile 1s 


| or may bez 4, 


But whether the declination increaſe or not, if 
the reclination amount to 72 d, or aboye, then the 


| ſubſtilar line applyes (as before) from b, to the 


| yertical x x, ſha 


| fall between the points 4 and x, 
upon the baſe of the plane, By which means the 
former method is rendercd inſuſhcient , or (at 
leaſt) inconvenient in this caſe, Wherefore ha- 
| ving deſcribedany ſemicircle on paper, and made 
therein the angle d 4 b, <qualto the declination 


© 2 
(which let be 50d.) and the a ab equalto 
 thereclination (which ler be ke b Mn” 
Fc". 9". (having firft drawn the fines fo, and = 
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atid the tangents 6 c,) ſo qbecomes a line known 
let be þ r =9q, and draw r 4 cutting the circle in 
#; draw allo » m, for the fine of # b, and againe 
make. ba', ma''. od, xt", x therefore bein 


aline known, may be a (ine, as kt it be the fine of 


the archs /,-and let gp be the latitude 51: 327, 


and sth: fine of 1 p : make again, m a. [ ” hg e ad; 


27, make e h==z, the fine of the arch prand 
make ha". ta*,sd.y'. Draw radius aw per- 


pendicular to-# pg, Laltly make k » = y, the fine | 


ofthe arch g # : then (hall the arch w »*berhe di- 
ance of the meridian of the place from the ho- 
rizon; and the arch p t the h*3ghr of the ſtile, and 
thearch g# the ſubltilar diſtance, which are all 
that were fought, . 37 
/. This, being according, to the .common way 
trodd2n in Trigonometry ,' I ſhall not necd to 
prove. ps bets 
. In-like fort when any ſuch inconyeniency 
ſhall happen in South declining incliners, they 
that would doe; it without Logarithmes may 
work by theſe Analogiſmes, 
3 Radius'. 5 inclination”, + deelination', 
3 
2 £. declination'.} radius”. s,b', $.c". 
Then, 6c + complemenr of latitud: taken from 
180d, let the reſt be call:d 4, 
<3 9: s. inclination” .s, da: $£*, 


46 inclinatton/. $6: tiff, ng, __ 


hen 6, is:ait arch whoſe complement to goy 


= 


7 
w_w 


1 


15t 


£01 


'\ fro 


arc 
the 

"il 
1S4 


' thi 


ir 


be: 


in 


( 267) 

*+r5 15 the diſtance betwixt the meridian and horizon, 
in Alloc, 18an arch which being added to the 
ne | complement of latitude, and the aggregate taken 
ag from a Semicircle, the reſidue, namely -d, isan 
of | arch compoſed to find f, which is an arch equal to 
> | the heighrof the (tile, or Pole aboye the Plane. - 

z/. | Laſtly, g or the complement thereof to-g& deg, 
1d | 15an arch equal to the diſtance of the ſubſtile tron 
fu | the meridian of the place, | | 


1c | And theſc are enough for any man that is but 
i= | indifterently skilled,to finiſh the dial with, which 
>. | being deduced from M, Wells, in his Chap. 20,1 
1d | ſhall nor need to prove, This 1s for fuch x tow as 
1{L} incline more then- the diſtance betwixt the Ze- 

nith and the Xquator, 17 


eAlmicanters 


Are leſſer Circles of the Sphzre, and may be 
;y | called the Parallels of declination from the ho- 
y | 1zon; having in-all reſpeQs the ſame relatior 
y | and habituderothe Azimuths,thatthe Signes have 
to the meridians, alchough theſe are accompred 
Pl " 9 - 
: . | by 15 d. and thoſe uſually by 10d, and therefore 
| 25 in the deſcription of the Signes an horizoftal 
dial proper to the plane being frft(obſcurcly) de- 
we | lincated, it was {hewed that the points thfough 
| which the ſignes or Parallels muſt 'paſſe upon &- 
; | Yery hour, .mughtbe had by applying the tangents 
p ofthe complements of - ns height at tholc 
Furs in thoſe Paralles, from the foot of the per- 
| pendicular 


Q ww * 
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atid the tangents þ c,) ſo q becomes a line known | Bt 
2tbe 6 r==9, and draw r 4 cutting the circle in |  - 
*; draw allo » ”, for the fine of # b, and —_ | cor 


make, ba", ma". 04','x", x therefore being 
aline known, may be a fine, as kt it be the fine of 
the archs {,-and-Jet p'p be the latitude 51; 327, 
and! sth: fine. of /p: make again, m4'.l1 s',e a. 
27, make th==z, the fine-of-the arch -pr and 
make h&'. ta*,54', 7". Draw radius a'wper= 
pendicular to- 4 g,' Laſtly make ks = y, the fine 
ofthe arch g # ©: then ſhall the arch w #berhe'di- 
Nance of the meridian of 'the place from the ho- 
rzon; and the arch p t the h*3ght of the ſtile, and 
thearch gx the fubltilar diſtance, which are all 


that -were fought, 


' {:'This, being according to the .common way 


trodd:n in Trigonometry,' I ſhall not need to 
prove, IH | | 
. In-like fort when any - ſuch inconveniency 
ſhall happen, in South' declining incliners, they 
that would doe; it without © Logarithmes may 
work by theſe Apalogiſmes, ih 

FW Ec # inclination”, 8 d:tlination', 
tb, 

2 £. declination'- radius”. 8.6", 8:4", 
Then, 6 + complement of latitud= raken from 
130d, letthe reſt be callzd 4. | | 
C"! 2-3. $:1nclination cs, donf 7 itt / 
 $t> inclination”. £44 rf); 8. gt 4 


| fro 
arc] 
the 


wy 


- Then 6, is:3t atch- whoſe complement to: goy | 
W is 


"S135. 
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i | & the diſtance betwixt the meridian and horizon; 
'F 


Alto c, 1san arch which being added to the* 


e | complement of latitude, and-the aggregate-rakert 


* 


: 


f 


| from a Semicircle, the reſidue, namely-d,"isan 


arch compoſed-to find f, which isan archequal to 
the height of the (tile, or Pole aboye the Plane. - 
* Laſtly, g or the complementthereof to-g& deg, 
1san arch equal to the diſtance of the ſubſtile fron 
the meridian of the place. £4 
And theſc are enough for any man that is but 
indiffcrently skilled,to finiſh the diabwith, which 
being deduced from M, Wells, in-his Chap. 20,1 


| ſhall nor need to prove, This 18 for fuch planes as 


incline more then- the diſtance berwanxr the Ze- 
nith and the Aquator, is [64186 


eAlmicanters 

Are lefſer Circles of the Sphzre, and may be 
called the Pargllels of declination from the ho- 
r1zon; having i-all reſpeas the ſame relation 
and habituderothe Azimuths,thatthe Signes have 
to the meridians, alchough> theſe are accompred 
by 15 d: and thoſe uſually by 10 d. and thetefore 
25.in_ the deſcription of the I an horizofttal 
dial proper totheplane being tirſt(obſeurely) d6- 
lineated, it: was.ſhewed that the-points through 


| which the fignes or Parallels muſt 'paſſe vpon ©- 


ery hour, .nught be had by applying the tangents 
-ofthi complements of te Gans hoiohe ac ahoſe 
<<9urs in thole-Paralles, fromrhe foot of the per- 

| pendicular 


(208) 


pendicular ſtile to the reſpeive hours ; ſo here| ,. . 
| making ule of that Azimuth which is perpendi- ren 
| cular tothe Plane ; (which in. all planes is that, ple! 

which ark ada through the foot of the perpendi-| . -* 

the reſt of the Azimuths being alſo ins|of c 

4, ik tangents complements of the Suns| me! 

height above. the plane, when he is in any Azi-{to 

nnuth appiyes from the foot of the tile to the {aid giyt 
gIVES 2 poinr,through which that height,] : « 

porn 0m. upon that Azimuth muſt paſſe, {the 
Example, in the Triongls p&5, let there belfour 
given the complement of Elevation p x, the com-|the - 
plement. of the Declination p s,. and the Azi-| \ 
murh pz-5, to find the conpguemome-or of the Sun's|mgi 


| | height FA 


Yu kde 52, contifiued tiff a Meri, 11 


from p,cutirat right angles'in c. 
enficſt KI +6, pX', Radue”, 6c. phe rofl 
4.6 yy 1 | = 
Secondly, 8/21 pa", $,C; pan, $, C; a4 $, < ile 


"I EE ONE » 


» 2.44 
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re|., So x rand 7egbeing (everally found; the diffe- 
t-| rence betwixtthem namely 5: — = &is the com- 
at.| plement of the Suns height above the Horizon, 
1=| . "Then find how high the Sun is abovethe plane 
n</ of the dial.at the ſame time, the tangent comple- 
ns| ment of that height applyed, from the tiles took 
1-\to the Azimuth repreſenting. the angle:;pz 5, 
id/gives upon it the Almicanters point, or paſſage. 
it]: Orbecaule 5, p/. 5,p3 5. 5,25 .5,4p 
the hour from Noon, that is the angle & ps, is 
find, which will crofle the azimuth onelead in 
the ſame point allo,” ._ JEM PTE 
1-| Which: hour if itbe*tineven, and unfit tore 
19/main withthe reſt may be drawn obſcurely, 


| Of the Jewiſh, Babyloniſh and 'Ttalian hours. 

"The Babyloniſh atc izcompted equal. hours: 
rom Sun rifingy and may be inferibed upon any 
{Plane by help of thoſe two parallels, Al aa. 
the longeſt; and ſhorteſt day conſiltingret intire 
ours;as here. 16 and$ hours, and of the &quatox;: 
{for a line drawn throngh the hour of 5 un, the, 
ffirk, 7 in the-zquator; and 9 im the other, 15 the 
ghour of 1-from Sun ring. inf 4 lg EE. 
Likewiſe in the tfameorder, through 6, 8, and, 


M16 ſhall paſſe the hour'of 2, the like order all, 


4 In Winter when the- parallel of '$8 haws that 
F t , [X rhe other two pouits wall ſerve 3 becauſe the. 
hours to be drawn areright lines, Cote; 
Dur after the fiſt (1% _ arc anſerzbed, the A, 

Et: | qua-= 


'loniih, from Sun-riling, but unequally, their fixt 


| 
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quator failing alſo,ſome other dwrnalarch as of g 
or 1© hours 'mult be deſcribed ro fupply that want. 
The Italian hours are accompred- 1, 2,3, &c. 
from Sun ſetting; ro inſcribe theſe the ſame diur- 
frall arches will ferye, and a line drawn through| : 
them inthe hours 9. 7. and 5.afrer noon, (obſer-| ; 
ring the fame order as before) thall be the hour ; 
of 1. the like through 7. 5. and 3. ſhall be the}? 
honr'23, the night hours of 9, 10, &c; are the 
mornint hours produced. : | 
-» The Jewiſh Bip are reckoned like the Baby-| 


hour being noon z and every hour a twelfth part| 
of the-artificial day, of whart length foever that be, 
The vulgar hours proper to the Plane being firſt 
drawn, and th: D,urnal arches of 15. +2.and 9. 
(if ir may be) divide the deorees in cach by 12, 
and the quotients by 15, or clle (which is all one 
divide'the {aid arches by 18e, the three quorie 
ſhall eive the jult times in hours or uſual parts 
hours from x2 of clock upon the two Parallel 
and the zquator ; throw which lincs draw 
by a Ruler ſhall be the Jewiſh hours deſired, 
Example, in latitude 51. 32%, the diurnal arch 
of t5 hours, is in degrees 225, which divided by 
130the- quotient is x 5, and ſo much the Jew: 
hours bf 5 and 7 are diſtant from noon, an hour 
and-quarter being 2 twelfth part 'of the dnunial 
arch of 15 hours, which hour and quarter beg: 
doabled, gives the place of 4and-8, tripled = 
-2:4 place| . 


9 
nt, 
CC, 
11-4 
oh | 


er 
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lace of 3 and 9, &c. from noon; upon that raral- 
ir of 15 hours; 
In like manner the diurnal arch of 9 hours, 1s 


- 135 d. which divided by 180, quotient is 23+ that 


is4 of an hour, which ſhews the place of the Jews 


'iſh7 and 5, to be three quarters after or before 


noon, . and doubled 1s 1 4. which gives the place 
of $ and 4, all one with our x 4. and 104. and ſo 


tripling and quadrupling and quintupling of 3 
= 5 1 places of the ther hours on this paral- 
ſel of 9 deorees, 


2 


. Andthele parts doubled and tripled as is ſaid, 


will always (in this parallel and the former) fall 
upon even hours halves or quarters of our hours, 
which1s the onely reaſon why theſe two parallels 


Tof 15 and gare preferred ; there being no necel{ity 


of uſing them titore then the trop1ques or other 


| parallels,onely this conveniency of even parts. 


Laſtly, inthe diurnal axch of 12, that 1s, the 
Equator the equall and unequal hours con- 
6urre, that 15, the Jewiſh hours of 5 and 7, with 
our hours of 11 and 15 ſotheir 4and 8, with our 


| 2and 10, &c, fo that a line drawn from x 5. in 


the arch of 15 to 1, in the xquator, and trom 


. {| thenceto; in the arch of 9 is their 7, &c. 


| gry way to delcribe dials upon Rings, Qua- 
, L0G P 2 


© The Circles of Poſition I omit, not for that the 


| inſcription of them inany plane is difficule, but 
1 where the labour is nor much, and the uſe of the 


wot 4ny+I hold that labour too mech, © 


drants 
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dtants and Cilinders, as alſo Globes, and Con- 
caye-Hemiſpheres, I alſo paſſe oyer : not for the 
fame reaſon as the other ; tor of all theſe there 1s 
much uje, and pleature in uſing ; but becaute eve- 
ty man that ſhall have travailed through dialling, 
bn planes, with the. drelſes cherere belonging, 
cannot polltbly want {o much 1ngeniofity, as may .| 
dire& him to doe theſe without book, | 


_—_—— 


CHAP. XV 111. 


I | frm onely to fay ſomthing of the form | 


ofthe Parallets upon Planes ; which (when 
they are nor curcles, (as under the Poles) are all 
and always Conique Sections, as is ſhewed b 
AMydorgins lb, 4. Prop. 34. And here ſhall be 
ſhewed how at any time or place” it may te 
known what Section it 1s; -lchough this 1s not 
neceflary, tor the Dialler to know; becauſe with- 
out knowing themhe may draw thetn upon the 
plane, as hath been heed alrend 

Take therefore thele three bricfe Rules, which 

by «Agnilonins lib.6, Prop, 83. arc proved, 
| Rule. r. 

When the Sun 1s in any Parallelyif the plane of 
the dial be parallel, to a great Circle of the 
Sphere whic h- toucheth the parallel, and the op- 
poſite thereto; the projeition of the ſhadow ts 4 
Parabola. | | 

2+ Rule 
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= R ule, 2. 


s If the Dial plane be equidiſtant, to a great 
-. | Circle which cuts the Park and t he oppoſite, 
2, | the ſhadomruns inant mperbola, 


4 Rule 3 

If the dial plane be equidiſt ant, to 4 great 
_ | Circle which neither toucheth, nor cutteth the 
Parallel, the ſhadow (of the perpendicular ſtiles 
for ſo we mean all this while) gives an Ellipſis. 
m - Ex ample. 
n | Letthe Poles elevation be (in the Scheme fol- 


all low,) the arch ep. 
by The Horizon we. 


be The Meridian-w » es. 

te The Aquator & t. 

ot] c I the Ecliptique, 

h- c y, x [the Tropiques, 

the b dany other Parallel, ; 


x, 5, Lenith and Nadir, 

ich] Now therefore it is clear, that the horizontal 

| dial in latitude 5 1, 32, being equidiſtant to the 
oreat circle we, which cuts the tropiques, and all 
of th- parallels derween them, as þ 4, or any other,is 
hel (accordingts that, which hath been ſaid) tuch, as 
54.1 that the ſhadow thereuponall. rhe year lang ſhall 
Pl deſcribe Hyperbolacs ; bur of different kind, as it. 

ſhall cur ſeveral parallcts more orlefſe unequally, 

Lo. als E4 But. 


But if a dial were made paralle] to the Eclip- 
riquee þ whick toucheththe Tropiques, the ſha- 
dows thereon when the Sun is in the Tropiques 
would be Parabola' 

Laſtly, if the plane were equidiſtant,not to the 
- Zquator ef, bur to ſome other plane wkh., whoſe 
great circk neither touches any of the parallels, 


nor' cuts them, the ſhadow there ſhall always 


trace ſome Ellipfis; not always the ſame, but lefler, 
' as the Sun, or his parallel approacheth towards 
che zquator : (bur greater in thoſe horizons which 
make more acute angles with the #quator ; until 
at laſt the horizon and the equitan icing coIncle 


dent, | 


Fo - 


”—_ ct. = w—_ 
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dent, the proje@ture of the ſhadow ſhall be a 
CR. | | ; 

Likewiſe the horizon howſoever ſituate, if the 
on be in no Parallel, the ProjeCture is a right 

ne, 

It ſhall not need to bring hither the demon- 
ſtrations, which Aguilonixs uſcth to prove all ' 
this ; forthe »whole matter with ſmal a doe may 
be manifcſted thus, | 

The Sun being in the ſouthern fignes, ſuppoſe 
the darke Cone c 4 y, in North latitude to be cur 
by a plane & & y, through the Vertex &, perpen- 
dicular to the center of the baſe, it gives the tri- 
angle c 4 y,for the flat and under ſuperficies ofthe 
ſemicone c4y, And letro, be the horizon, or 
dial plane, (for eyery dial plane is parallel tg ſome 
horizon) and let it be equidiſtant to 6 4; thenthe 
commune {e&ion ro, (which while the Sun is 11 
the tropique x, diltinguiſherh, or ratherteparateth 
the light fromthe darknefle) 1s by the Dettnition, 
general, of Chap, x1, A Semiparaboha ,.in like 
fort niger be proved, if the Sun were 1nany other 

, asſuppole 6 g, for ſuppoſing the pricked 

inc ro, to repreſent the dial plane, parallel to 
6 a, the ſame concluſion follows by the 1aid De» 
fnition, KT Tet 
| -- Secondly, .let the dial plane be R ©, parallel 

- tothegreat cucle we, which curs the el *h 
in ©, then, by the ſaid Definition general, the 
commune ſection R ©, which that day {eparates 
| ot” Ss the 
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the light and darknefſe upon the Plane, is a fe- 


mi-hyperboha : or if in ſtead of the ſemicone, one 
conceive the {eCtion of the Cone through the yer- 
tex and axis; to be the plane triangle c 4 y, and R 
© as a right line, tobe onely the diameter of the 
ſe&ion, the thing isthe ſame, and the ſetion by 
the ſecand of the third definitions of Adydorgr- 


#4, an Hyperbola, 


' Laſtly, (to avoid confuſion of Lincs) ler the Sun - 


be in the northern fignes, and a7 the darke 
Cone, and z / the dial plane in South latitude e- 
quidittant to the great circle »» k,, which neither 
toucheth nor cutteth the parallels, it is eyident 
that'z /, or any line equidiſtant to »» k,, fhall cut 
the triangle x  ,made by a ſetion from the yer- 
tex, as before, in both the fides.x a, and / a, and 
is therefore by the third of the third Definitions 
of Mygorgine the diameter of an Ellipfis,or con- 
ceiving all by the general definition of Chap, 1 t, 
as before, it 15 halfan Ellipfis. | 


 Andfoany other line paralle] to 1, and grea- 


ter then x /, 15 the diameter of a greater Ellipfis, | 


or rather an Ellipfis of a greater Cone, which 
might be mage by producing the lines 4 x, ar:d a / 
at pleaſure. | STE 

And this is proofe enoughsfor allthat hath been 


faid of this matter ; and enough hath'been ſaid (I 


hope) to make it intelligible, 


I will now ſhew how the Suns height for every 


hour of the'day, inthe beginning of any figne, 
within any latitude may be found, Let 
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Let the Latitude of the Place, or the dial plane, 
be 19. 25", and the figne the beginning of Ta- 


, r;declining 11, 30, as in Chap, 17, 


And let it be required to find the Suns height, 

at any hour that day in that place, 

Suppoſe any {pherical triangle fit for the pur- 
ole, (no matter for exaRt delineation, ſo there 
e ſomthing to help the tancy,) as here the trian- 

gle z ps, wherein let pbe the pole of the Aqua= 
tor, z the Zenith of the place, and s the Sun ; and 
nl 


2 ps the diſtance betwixt the meridian of the Sun 


5p, and the meridian of the place = p, that is, the 
hour from noon, 

The eaſieſt way to work, 1s by Logarithmes of 
the fines and tangents, becauſe {o Addition and 
SudtraRzon Gaalice for Multiplication and Dt-. 


| viſion, 


+:The fidep zy 15 the complement of the latitude, 
and is 70. 35". likewiſe the fide p 5, is the cone 
plement of the declination and. is 78. 30'. and. 
the ſide s z, is the complement of the Suns height, 
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' or the R—_— of the thing required, Now 
then ſuppoſe the perpendicular [_ cut p51 r at 

right angles ; al{o ſuppole the hour required to be 

4 or 8 ofclock, and 4 an afternoon howr, then 

z ps = 60, which is given, to find s x, or rather. 

the complement of s z. 

In the right angled triangle z 7p, choole the 
angke z pr, for the middle part. Then it will be 
#.c, 60+ radius, whole log, are 196989700 
Equal te.p z-t.pr ſubſt.t.c, ps log, 95471377 


Remaines the tan,of pr=.54-49.log. 101518323 
Take 54+ 49". from 98. 30', the relt 23. 41', 

is equal to s 7, But icis known in Trigonometrie, 
Thats. c..r p'.s.C.r5.S.C,Þ& .9.C.52. 


Adde the two middle malt, 
That 18, t05, £. 2.3. 41'- 99617909 
Adde 5s. 6.70. 35". 95217074 


Summ2 15 = 194834983 


From which take s. c. r p(54. 49) 97605692 | 


Remainess.c,s 2 = 31.53. 97229291 

' Which is the height of the Sun above that Ho- 
rizon, at 4 after noon or $-before noon, And fo 
at two operations, may any alkutudey for any hour 
given, aboye this, or auy other horizon be cer- 
rainly found, Tf anylike the natural fines and 
tMpents better , he'hath three-rhings given 0 
find a fourth ; for firld, DET ETNLL TS 198 
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f.c,pz'.5.c,rpz".Radius't.p y . Secondly 

$.C.prieS.C.ir",S.C,pz.5c.n4 a5 before, 

The perpendieular z r, ſhall ever (for the hour 
berwixt 6 and noon) fall within he triangles, be- 
cauſe the angles z. s p, and x p s are both acutez as 
in Note 2. of Definition 2, 

At6 of clock the angle x p 5, is god. and 

$. Ca $pr=5,c, pz Þ5S.c.p5. 

I put r, for Radius, always for abridgment, 

At the hours after 6 at evening, or before in 
morning the ſaidangle z p,s, is obtuſe ;, then the 
ſame triangle remaining, 

It is,s. cp r'.s.c. pr-ps".s.c.2p.5.ca 5 

The archp r, being firlt found, as before, ' Or 
it is the fame in hours equidiſtant from, 


8 

| 

: 

= 

+4 

4 
Y 

S| 

|, 
: 
$1 
F 
bo 
F- 
94 


(220) 


7_ - Tſemdiurnal arches,in the | begmauing of e- | 


very Sexe for 32 diverſe Latitudes. 
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| every ſigne, for 27. Elevations of the Pods 
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A Tableof arches of the Horizon intercepted of 
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Theſe Tables need no explanation, the uſe 
of them being evident, But if they prove not ſa- 
tisfactoric , Br want of calculation, for further 
degrees of Elevation ; or for. wafit of halyes, and 
quarters of degrees, or the like of hours, they are 
[2 I had them out of Kercheris his Ars Magna, 
Nevertheleſſe I will ſhew the making of them, 
\whereby any man may fit them for his own pur- 
poſe, and for his place, (if it happen without 
theſe limics) by his own calculation, as followeth, 


3 &S | 


l K 


s Firſt for the Table A. 

$ | Radius't, c.Elevation””, r. c{,Declination”. 
$ | This6, isthefine complement of the angle at 
£ Ithe Pole, 'which ſhews rhe hour from Noon, in 
= Winter; and the hour from Midnight in Summer, 
= [wherein the Sunrifeth, baving dechinarion, which 
S declination is ready in tables , the making of 
'S which ſhall be ſhewed anon and allo the table of 
S ||the Suns declination atthe end hereof ſhall enſue, 
S || The angle atthe Pole, ſo-found being d:vided 
L by 15, ſhewes in Winter the ſemidiurnal arch in 
-= [[hours, which was had by the firſt working un de- 


' [grees and minutes, | 

"|. And in Summer | the feminaCturnal ; whoſe 
complement to 180 degrees or to 12 hours, 1s the 
thing required, [here all the time from the vernal 
tothe Autumnal XquinoCtial, is called Summer, |, 


Secondly 


5, e. Azimuth”, w 
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Secondly;for the Table B. 


5, e, Elevation', s. Declination' '\ Radius" 
hich Azimuth being compared 


with god, difference is the Amplitude, 


Examiple, for Elevation 40, initio It | 


To Radius log. I0c00000 
Adde Sine declination 20, 13 .log. 09538537 
Summe 19538537 


SubtraQ fine complement elevation, 9884254 


Om —— —— OD" O— 


| "Remaines DN EA 
Sine complement Azimuth, wa 96 5428 3 


complementhere is the Amplitude 


ſought in the Canon, 1s ,26. 48'. which 1s the |] 


The arch belonging to line 9654383. being 


Amplitude required, where the Elevation 1s 46 
degrees, | 


Thirdly, for the Table C; 
Firſt, to find atiy horizontal arch for atiy hour; 


as for Example 3, or 9. 
\, Radws',z, of th* hour indegrees, that 1s here 


t. 45 
/Sine Elevation”. t, ofthe arch required”, 


F; 


Or elſe, t. c. 45.7.3. Elevation”, t; arch re- 


quired”, 


Radius”, t, hour”, s. c, Elevation 


It is at firſt in the Symbols, Chap. 1, adyertiſed 
| | that 


Secondly, in a Prime Vertical: 


/ 


nd 


t.ofthe arch”; 


\ 
i# 
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' thatthe letters s, and e; ors. c, and tc, fignifie the 

fine, and tangent; orfine. complement and tan- 
gent complement of an arch or angle, 

And working by the Logarithmes of the fines 
and tangents, the former Analogiſmes happen not 
but in their ſtead certain /Equalities, or Aqua- 
tions, as follow, 

For the Table A, 


tc, Elevation tc, declination = Rad: +6, 
- Which, isthe co-ſine of the thing required, 
that is, of the angle at the Pole, which divided by 
I 5, gives the time, | 

For the Table B. 


Rad: þs. declination =#c. elevation + 
s6, Azimuth, 


For the Table C. 


s, Elevation -þ z, the hour = Radius XA 4 
the arch, or more readily thus, t c, hour” r"* 5+ 
Elevat” t, of arch from the ſubſtile””, 

Ic multftill be remembred that r, flands for 
Radius, TS 
The Elevation is always taken for the height 
of the Pole above the horizon, which horizon 1s 

the dial plane, | 
| In other planes, 2s the Prime Vertical, and all 
other verticals, the height of the Pole above the 
| plane muſt be uſed, having therefore found that, 
call it p,ur elſe call the declination 9, then 


19 +:.clevat, =r +s. p. Q_ .: a 


[2263 * 
And, r-+ 5, p,=tc, the hour þ#, the arch 
| of that hours diſtance-from the lubſtile, 
dd So after (t1il till all the hours be found, this la- 
| = work mult be repeated, 
Whereas we uſe tc, the hour, and ?, the arch, 
mY hour is always meant the angle at the Pole, 


P orthe ſpace there included between any hour, and 
the ſybſtile ; as 15 d, for r, 30d, for 2, &, The 
| arch is the diſtance of an y ; hour from the ſubltile 
| meaſured in the arch of a circle, whole center is 

| the center of the dial, when it is projected upon 
| the plane. 
= To find the Decli nation of a Plate. 


| ' The declination 1s an arch of a great circle 

paſſing through the Poles of the World, and the 

i center of the place whoſe declination is fought, 
incercepted between the ſaid center and the &- 
quator, | 

If the place bave no Jatitade, that 1s, 1t it be 1n 
the Ecliptique, the neerett diſtance from eAries 
or Libra being given, callit 6, 

.- Then rf s. 22d. 32m $.6'5$.e7 avde,is 
the declination requied : working by the Natural 
SINES, 

Secondly, if the place have latitude, that being 
given, orfound in Tables, and the right avole 
which the circle of latitude makes with the Eclip- 


cles of declination do with the Equator) and the 


rique, (for all circles of latitude do ſo, as the cir- 


next 


TT W- 
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Next diſtance to Aries or Lubra being alſo olyen, 
1 Then if the place lie betwixt the Ecliptique 
and the zquator, call the neereft diſtance to Vf or 
RX.b, as before, | 
And the latitude given c. It is Legarichmical- 
? | lys. cr =5, b+9 a&a, isanangle, which 


? being taken out of 23.32'.Jeayes an angle, which 
» | anglecall dthens, b-Þs,d4=7r +5,e, 

: And e, 1s the declination required. 

X 2 If the place lie betwixt the Ecliptique and the 


Pole, the angle a, foundas before, muſt be added 
* | to23.32/. andcall theſum f, then s, bs, f= 
rþs,e,&c, 

3 Lattly, let the place lic betwixt the xquator 
e | and the other Pole, then s, cr = 5, b +'5,4, 
and from a, ſubtrating 2 3.32'. call the reſt hf. 


b Then s, 6 + 5, g = r +65, e,ande; the decli- 
- | nation, ; | 

To find the right Aſcenſion of a Place. 
1 If it be in the Ecliprique, as the Sun is, let the 


” | necreſft diſtance from Aries be called (tillb. And 
working Lao iS r-þ 5c, 23.32 = 


' =t c,bpt;aN/ 

And 4 is the} rig Aieefon | 

2 -If the place/haye latitude, call it ſtill c, and 
> \ let the declination found with latitude, as before, 
" | becalled,q. : 

Then $6, b, +r=5c,q+4-5c,a and a, 15 

the right aſcenſion; or (berween S and'&)' the 
complement. of it. Q 2 To 
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To find the eAſcenſional Difference, 


Thus z. eleyation + :. dechnation = 5, y, 

And y, is the Aſcenſional difference, 
Ts find the, Oblique Aſcenſion, 

In the ſouthern fignes adde the Aſcenfional dit- 
ference to the right Aſcenſion : or in the northern 
ſignes ſubtract the {ame from the right Aſcenſion, 
the ſum in Winter, and the remainer in Summer, 
1s the oblique Aſcenſion, 

That which-hath been laſt ſaid concerning the 
Declination, Right Aſcenſion, Aſcenfional diffe- 
ence and oblique Aſcenſion, may be 1lluftrated, 
and demonſtrated alſo out of this figure, at leaſt 


with ſome ſmall yariationr. 


* 
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In which let h o,be the horizon, 9zthe zquator, | 
we | 


| 


* | 
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p pthe Axis of the World, e c the Ecliptique, ms #, 
the parallel in which the Sun is at 4, | 
po the Eleyation, = the points Y ande=, bz, 
the necrelt diſtance from one of thole points, - 
Which 1s {uppoſed given, or known,dr the de- 
clination, 
z 7 the right Aſcenſion of the Sun : or ſome- 
tunes the complement of it, 
The angle x p o, is the complement of the At- 
cenſional difference, y q the meaſure of it, 
Therefore here in Winter r y, is the oblique 
aſcenſion, but the Sun being now ſuppoſed to be 
in 4, that is 20 degrees of 7 aurws, by that which 
hath been'ſaid before, r2 —z y, 15 the oblique 
\aſcenſion, 
 Alltheſe maybe found (enough being given) 
42S firlt in the criangle dr z right angled atr, are 
'given the fide dz=5 cd.the angle d » r=2 3.32". 
and the angle r go d,to find the declination dr, 
Working by the Artificial fines and tangents, put 
| b r, for the middle part,therefore, s, 4r + radus, 
=5, dz +5, d z.r, which relolved into propor- 
tionalty by the 14. of the 6. of Exclide, will be, 
Radws' 5,dz"5.dzr' 5. dr "or, 
Alternately, Radius's. dz r” 5. 4z/ 5.dr”, 
"the thi ſought. And the Analogiſme the very 
fame with that ihewed before for Hiking the de- 
clination, 
Then forthe right aſcenſion, 27 make 4 z r 


| the middle part, it 1556, dar + Radius = tc, 


. 
g* 
3 


[2 -+t, ar. Q 3 And 
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To find the eAſcenſional Difference, 


Thus #. eleyation + t. declination =r + 
And y, is the Aſcenſional difference, 


To find the, Oblique Aſcenſion. 


ference ts the rioht Aſcenſion : or in the north 


1 the oblique Aſcenſion, 
- Fhat which -hath been Jaſt ſaid concerning 
Declination, Right Aſcenſion, Aſcenſiona] d1 


with ſome ſmall yariationr, 


5). 


In the ſouthern fignes adde the Aſcenfional dif- 


ern 


hgnes ſubtract the {ame from the rioht Aſcenſion, 
the ſum in Winter, and the remainer in Summer, 


the 
fle- 


ence and oblique Aſcenſion, may be illuſtrated, 
and demonſtrated alſo out of this figure, at leaſt 


In which kt þ o,be the horizon, gzthe zquator, | 
Pj 


| 


. | clination, 
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p pthe Axis of the World, e c the Ecliptique, mw #, 
the parallel in which the Sun is at 4, _ 
po the Elevation, = the points bl andi=,6b z, 
the necrelt diſtance from one of thole points, - 
Which 1s {uppoſed given, or known,dr the de- 
clination, | 
z 7 the right Aſcenſion of the Sun : or ſome- 
tines the complement of it, = 
The angle x p o, is the complement of the At- 
cenfional difference, y q the meaſure of it, 
Therefore here in Winter r y, is the oblique 
aſcenſion, but the Sun being now ſuppoſed to be 
in d, that is 20 degrees of T aurus, by that which 
hath been'ſaid before, r4 — x ), 15 the oblique 
\aſcenſon, 
| Alltheſe maybe found (enough being given) 
as firlt in the criangle'dr & right angled atr, are 
'given the fide dz=95 cd.the angle d 2r=2 3.33'. 
and the angle r go d,to find the declination dr, 
Working by the Artificial fines and tangents, put 
b r, for the middle part,thercfore, 5s, dr + radus, 
=,dz + 5. d z.r, which xe{olved into propor- 
tibnalcy by the 14. of the 6. of Exclide, will be. 
Radws' 5,dz"5.dzr' 5. dr "or, 
| Alternately, Radius' 5. 4z r' 3. dx) 5.dr", 
the thing ſought. And the Analogiſme the very 
ame with that thewed before for Frding the de- 


Then for the right aſcenſion, zr make 4 zr 


the middle part, it 1556, dr + Radius = tc, 


$4z-+t. xr. Q 3 And 


>) . 
And reſolved, tc. dz Rad”: 5c. dz rtt. zr". 
Thar is Radius' 7. dz” 5c, dar! t, xr 
which is the ſame Analogiſme with that before, for 
finding the right aſcenf1on, 

Secondly for the afcenſional difterence in the 
erianele x po, right angled at o, put the angle xpo; 
for the middle part, - 

Then 5c. x po-þRadius =t.po-rtc.xp 
butt Cc. xp==8. &7. 

Thar is, Rad” 2,po' tx y.(orbr')sc, xp 07 

And the complement of x po, is x pz. 

Whoſe meaſure is z y, the aſcenſional diffe- 
rence ſought for. | 

Example of all, firſt for the declination r 4, 
put rd for the muddle part. 


Unto, s. d =, 50. log. 9884254 
Adde, s. dar, 2 3%. log. . g601570, 
*Summe is 49485824 


And ſubtraCting Radius remaines. 9485824 
' Which is the fine of 17.499, for the declina- 
tion, . - \ | 
- Then forthe right Aſcenſion y z, putthat far 
the middle part, and 
Unto, z, 4r, 17.49. log. 9507027 
Adde, tc. 42 r,66.28 log, 10361007 


. + Samme 39868034 
Whence ſubtracting Radius, remain.g$68034 
The fine of 47.33, for r 2: the right aſcentfion, 
Secondly, 


. buy 
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Secondly, for the aſcenfional difference & p x» 
in the triangle x po, putting the angle x po, for 
the middle part, 
Untot. po, 51.32". log. 
Adde,t c, px,that is t.b r,17.49 .log.09507 027 


Summe 1s 196c6940 
From which taking Raduus, reſts ©Og6c6949 
The Sine complement of po, or the fine of 

x Þz = 23.51". the Aſcenſional difference. 
Which being taken trom 7 z the right aſcenſion 
47 33. remaines r2 — 2} = 23.42, forthe ob» 


lique atcenſhion, 


Note 1. 


The complement of the aſcenſional crenc® 
is equal to the quantity of hours and parrs. be” 


ewixt midnight and {unriſing, 


NOTE, 2. 


The ovlique aſcenſion of the Sunne being 
taken, from the right aſcenſion in Summer, the 
refidue 1s equal to.the excefle, wherevy the ſem1- 
diurnal arch 1s more then 6 hou:s : alſo the right 
aicenfion taken from the oblique aſcenſion in 
Winter, therelt isthe defe&t whereby the femi- 
diurnal arch 1s lefle then 6 hours, And the right 
and oblique aſcenſion.are 'neerer to #quality, as 
the Sunatraineth neer either V or i=, 

- If the place benot in the Ecliptzque, but hath 
Q 4 latt- 
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latitude, as the afteriſme in the laſt figure, if 


there be given that latitude 4X, and the diſtance 
from the next xquinoCtial point z F, theſe with 
the right angle at d, are ſuſhicient to find out all, 
1n manner as hath been ſhewed before. | 


tn, 


— 


HF: follow two Tables of Intereſt, whereof 
the firſt ſhewech how much 100. /;, with 
all its increaſe by mzanes of Compound Intereſt 
at the ſeyeral rates of 5,6, 7, 8,9, and 10per, 
Cent, amounts to annually tor 31 years : The ſe- 
cond ſheweth the like increaſe tor 100 /i, An- 
nuity or yearly rent, at the like rates, and forthe 
ſame terme, In both which the firſt Columneto- 
wardsthe left hand ſhews the number of years ſuc- 
celſively to 37, the ſecond gives the increaſe to- 


gether with the Principal in 1ntire pounds fer- 


lin ; the third hath the Numerators of the fra&ti- 
ons of a pound to be added to their relpe&tive In» 
tegers, Onely 1n the rate for per, Cent, (which 
15 now of more frequent uſe) the fractions are te- 
duced to ſhillings and pence, (ommitting leſſe 
then pence)as may eaſily be ſeen by the table, And 


 thefrations in the other rates (whoſe common 


denominator is I9CQcc ©) may be eafily enough, 
either ſoreduced, or very neerly gueſied, by ſuch 
2S are out moderately ye: ted in Arithmerique, 
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550625 
628156 
009563 


745543 
132820 


889461 
©33934 
585630 
564911 
993156 
892813 
287453 
201825 
661g15 
695 062 
329845 
596337 
526154 
152461 
510084 


355 
373! 345735 
392 | OI 3021 
411! 613672 
432| 194355 
453i 8046 


710041 


635588] 
$67367| 


| 


1 


”e. Ar 6 |p 
I 106 
2| 112| 7 
2 II91 2 
4 126] 4 
5} 2133116 
6] 141117 
WS. Ls: 7 
8| 159] 7 
9] 168|18| 
10] 179! 1 
17] 18916 
I21 201] 4 
3] 2213].5 
I4] 2261 1 
51 239] 13 
I6, 254] O 
a 269] 5 
18} 285] 8 
19] 302|11 
20! 320114 
21 339118 
22} 360] 7 
23] 381]19 
324! 40417 
85} 422, 3 
26} 454118 
27] 482] 4 
28] Fir] 2 
29] 54ili7 
7 
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latitude, as the afteriſme # in the laſt figure, if 
there be given that latitude 4X, and the diſtance 
from the next xquinoCtial point 2 , theſe with 
the right angle at d, are ſufficient to find out all, 
1n manier as hath been ſhewed before. | 


- In F 


HF: follow two Tables of Intereſt, whereof 
the firſt ſheweth how much 100. /;, with 
all its increaſe by m:anes of Compound Intereft 
at the ſeyeral rates of 5,6, 7, 8,9, and 10per. 
Cent, amounts to annually tor 31 years: The ſe- 
cond ſheweth the like increaſe tor 100 15, An- 
nuity or yearly rent, at the like rates, and forthe 
ſame terme, In both which the firſt Columneto- 
wards the left hand ſhews the number of years ſuc- 
celſively to 31, the ſecond gives the increaſe to- 
gether with the Principal in intire pounds fer- 
lin ; the third hath the Numerators of the fra&ti- 
ons of a pound to be added to theur relpeCtive In= 
tegers, Onely 1n the rate for 6 per, Cent, (which 
15 now of more frequent uſe) the fractions are re- 
duced to ſhillings and pence, (ommitting leſſe 
then'pence)as may eaſily be ſcen by the table, And 


 thefrattions inthe other rates (whoſe common 


denominator 1s 10CQcc©) may be ealily enough, 
either ſoreduced, or very neerly gueſied, by ſuch 
25 are out moderately ye: ted in Arithmerique, 
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ye. | As 5 |pe.Cent, | je. | Ar 6 |p. 
I IO5 | cococo[| I 106 
2| 110, 250000|[| 2] 112| 7 
3 Il5 | 762500 {| 2 II91 2 
4] 121|550625|| 4] 126] 4 
| BY ae 5 133116 
6 134, ©o9563|| 6 141 !17 
71, 140[71004ti| 7] 150[ 7 
8{ 147|745543]| 8| 159] 7 
9] 1551132820|[| 9] 168|18 
10| 162,/889461fſto| 179! 1 
IT 171[633934[|11] 189116 
I2] 179|585630j|121 201] 4 
13 183 |564911||13} 213['5 
14\ - 197 Ig9g93156[114] 2261 1 
is5| 207|892813||15] 23913 
165 218|2874531|[16; 254} 0 
17 MEE a 269] 5 
18] 240 |661g15|118 5 
i9] 252|695062 [19 302|11 
20, 265| 3298451(20! 320 
21] 2781596337 21 339 
22 292 | 526154 | [224 360 
23] 307|[152463]ſ23] 381 
24; 322 |510084,|124| 404 
25] 333 [635588|]25] 429 
26} 355 *567367| 
27] 373, 345735 
28 392 | 013021 
29| 411) 613672 | 
4321194355 
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At 7| pe.Cent, 


107 | 000000 
I 14 | 490000 
122 504300 
1314 O79601I 
2557173 
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1601578147 | 
171 | 818617 
182 |845920 
196|715134 
210 | 485193 
21 9156 
984497 
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233| 163800 
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oe 
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p. Cent. 


mw 
\S 


= 
810000 
502900 
I58161 
$62 395 
710010 
$80291F| 
256283} 
189348 
236 | 736389 
258 |] 042664 
281 | 266504 
306 | 580489 
334 [172733 
364 | 249279 
397 
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471 
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6Io| 
665 
725 
791, 
862 
939 
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1116 
1217 | 218317 
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|ye. At 10 | p. Cent» 


110 | 0000c0 
I 2I | 000000 
1334 100000 
146 | 410000 
I61 | 05 1000 
177 | 
I94 | $71710 
214 | 358881 
235 \ 794769 
259 | 374246 
285 | 311671 
313 | 842838 
227132 
749834 
724817 
497299 
447029 
555 | 991732 
611 | 590905 
6721 749995 
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1744 | 940225 
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490000 
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329074 
401609 
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798301 
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I578 | 359274 
1788, 944423 
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2255 , 047979 
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693941 
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804612 


148980 
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2145 
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OJ 6 
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290 |} 30 
23031] 


At Ar 9; 


19932, 186348 
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"100 
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327 | 810000 
457 | 312900 
598 | 471016 


7521333456 
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920; £43467 
1102 | 847379 
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I509 | 292970 
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1745 | 129337 
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608 | 310000 
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946 | 055100 
I140 | 660600 
1354! 726600 
I59gO | 199200 
1849 | 219100 
2134 
2447 
2792 | 310610 

3171; 541671 

3588 | 695838 

4047 | 565427 } 
4552] 300503 
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The uſe of theſe Tables is thus. 


If it be asked how much 100 /5, pur forth to 
uſe comes to in 17 years, at 6 per cent. compound 
intereſt ? Look forthe title of 6 per cent. at the 
top of the leafe, and 1n the firſt Table , then alſo 
| looke down in the columri entituled Years, till 
| you finde the number 17, juſt oyer againſt 17, to- 
l wards the right hand you ſhall finde 269 45. 5 5. 
| 6d. which 1s the thing required, 
vF Or if it be asked how much 100 /:. per Antunm 


: 
' 


1n rent amounts to 1n 1 3 years at $ per cext. com-| 
pound Intereſt ? Look in the ſecond Table for: 
I3 years, and under 8 per cent, you ſhall ſee; 
2145 li, and 333454 of a pound, that is reduced, 
2145 15, 35. 94. and fomething more, which), 
more, being lefſe then a peny, I omit, as (11 thig, 
caſe) not conſiderable, Wi 


NOTE, 


[ang 


i | Although I ſay it amounts to ſo much, yet I.de 
| not fay.it 1s worth ſo much ; for who would part 
with 2145 4.3 5.9 d.prelently,in hope to ger it uj 
again in 13 years by 100 /5, per annum ? Whe 

money was at 8 per cent, a-Leaſe of 21 years way)" 
accounted by ſome worth g 5 years purchaſe , by 
others worth 10 years ck: ſo that 100 /iÞ 


&r annum rent at the moſt, is worth but 1000 /i 


Q 


"MF 0 


(24r) : 
in 21 years: that is (by the rule of three) 619 {4 
x1 d, for 13 years, 

_. 


h to, ſt is alſo fit robe known, that proportionally, 


ound ag Money is lefle yalued, laid is more, et contra, 
t the So that according to 10 years, purchale for Rent 
1alſo Charges or Annuities for years,when Money was 
till at'$. per, Cent. the money being now at 6, per, 
7y©0- Cent.the purchaſe mult be 13 years 4 months rent 
. 55. of the land, &c, | | 

So likewiſe, Money being at 8. per, ent. land 


nhum for eyeruſed to be ſold for 26 years Rent, but | 


com-| now (it no external accident hinder) ir ought to 
le for| be fold for 26 3. times the yearly rent thereof, 
ll ſee! For6'$”,20' 263.Alfo,6' 8”, r0' 1 33 And 
luced, the like Analogiſme will ſerve being uſed in other 
which|rates, As if money were at 5 or 7. per, Cent, thert 
1 thi! 5'$7, 207 22 of or __—_ »0/ 22 l 
| Alo5'87.10' 16, Ory' 87.1011 5”, 
And fo of any. | 

This, conſidering the largenefle and cleareneſſe 
-t 1. 4d df the Tables, is all I mean to fay concerning that 
d parcom ound interelt which 1s called Dire# or Pro- 

it up ſtave. Et IE 
Whe 1- There is another ſort of Interſt which gives the 
\rs wagyearly decreaſe of. 1001, or any other Summe, 
ſe , byAnd this is called Compound Intereft Rebated, or 
100 liÞDamageable, 

d li a : 
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Which Degreaſe 1s orderly made by ſubtract- 
ing the tncerdt oe the principall yearly , asthe 
| increaſe of 160 15. in the former Tables was caul- 
ed by adding the year fly ages inters(t, 

ample, 

TE Loo give 6, then at the end of the firſt 

year the Bo F/ is increaſed, and become 106, 


and lo again, if. 160 g1ve: & what 106?. tm kes. 
6738 Yep Fj adds LEAG enthe [aid Ice I. 18. 
at The = "two years hereby increaſed to, 


l2535, who the fiſt, Table is nad for cveiy 
ear, 
l But now, ifr00 ol 5 65 what ſhall. HE ?.It 
is 5 34, which uf from. 94, reſts $8.555, 
the 1 60,/. at the end of the felt year 1s Cle . 
to 94 15. and arthe end of the ſecond to 88 335, 
Bur becauſe the compoſing Tables for this. is 
—__ labour as that which hath been dane alrea- 
jalſo for varieties ſake, I will adde a third Ta- 
36 (which Itake out of 'Simon Stevens Prattical 
Arichmerick) c onſiſting of artificial numbers, 


which wil ferye as wel for dirett as rebating inte- + 
reit,-' Arid when I have fhewed the. way to: make © 
and uf: thoſe-Tables, and put a few Problemes re- * 


 quilite and difficulr,and adjoyned a Table of the 
Suns Dechnation, I m:an to conclude this Trea- 


tle, 


' Here 


Here followeth thethird 
Table 
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6446089 
6139132 
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5568373 
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| 4581T14 
4362966 
4155206 
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3539423 
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3255712 
3100678 
2953027 
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27 
8 


2 
29 
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| 2678483 


2550936 
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for 6, per. 


(cont. 


9433962 
$399964 
8396192 
7920936 
7472581 
»7049695, 
[6650571 
6274124 
5918985 
5583948 
5367875 
4959993 
46889 

4423009 


| 4172650 


5936462 
3713643 
3503437 
3305129 
3118046 
29415753 
2775050 
26179723 
2469785 
2 329986 
2198100 
2073679 
1956301 
1845567 
1741101 


for 7. ptr. 
Cent, 


9345794 
8734387 
8162979 
7628952 
17129862 
6663422] 
6227497 

582cogn] © 


5439337 
| 5083493 
[47 50928 
4440120 
©, 14149645 
3878173 
3624461] 
3387347 
3165745 
295864c 
2763084 
2584191 
| 2415132] 
[2257733] . 
210947C| 

1971467 
184249} 
I721956 
1609305 
I504022 
140562 


j131367) þ 


vB 60W Oat ww » 


'| TheTable 


for 8.p.C. | 
9259259 
8573386 
7938322 
7.359298 
6805831 
6301695, 
58 24903 
| $402688 


5002439 4604277 
46 31934 4224107 
42888238 3875328 


3971137 
| 3676979 
3404610 
3152417 
2918905 
2702690 | 
2502491 
2317121 
2145432 
1986557 
| 183þ405 
| 1793153 
1576994 
1460180 
I 353019 
I251869 
| II 59138 


1 IC73276 | 08231546 


- [3 | 0993774 | 075 3712] 0573086 


Cent, 


— ——— 
9174312! 
8415200 


7721835 
7084252 


6499314 | 


5962673 | 


5479342 : 
FOISS 62 


3555347 
3261786 
2992464 
2745 380 
2518697 
2310731 
2119937 
1944896 
1784308 
16 36980 
Iy01817 
1377814 
I 264050 
1159679 
1063926 
0976079 
0895485 


tor g, per, 


1798589 


| 0630395 


Cexr. 
9090909 
8264463 
7513148 
6830135 
620921 
564474 
5131582 
4665075 
4240977 
3855434) 
35 boogel 
318630 
2896645 
2633314 
2 395922 
2176293 
1978448 


for 10, 8 


1635081 
I 4868} 
1351306 
1228460 
116782 
I015256 
092296 
0839055 
0762777 
069343 


SSIS SuLM DS. 


| 


_ (G40). | 
The conftruttion of theſe T ables, or any other 
the like us as followeth, 


Having made choiſe of ſome great Decimall 
number, I mean, ſo it may confilt of all Ciphers, 
except unity towards the left hand, as in thee it 1s 
10000000 (which ſball be called the Radius of 
the II Radius being multiplyed by 100 
"(which is theprincipall) _ divideg by the prin- 
cipall p{z the Intereſt , the quotient 1s the num- 
ber in the Table for the firſt year, which quotient 
being again multiplyed by 100, and the product 
dirdedby principal plus intereſt as before , the 
nA all be the number in the Tables for the 
ſecond year , and ſo may every years reſpective 
numbex be found, as was the ſecond, 

Example in Intereſt 7 per cent, 

Firſt, 10000000 1nto 100 giyes 1 ©CO000000 
which divided by 100 7, that is, by 107, the 
quotient 15 9345794, which 1s the number an- 
{wering tothe firlt year in the Table of 7 per cent. 
For alchough there be a remain, after the diviſion, 
of 42) yet becauſe ,43<T4 it 18 herenegleRed : 
But if th? remain had happened + >+, then 
I being added tothe quotient, it s 9345785,and / 
25 ſo much neerer the-rhyng required, * 

Sceondly,9345794 into 100. gives 934579400 
which divided ſtall by 107+ quonent 15 87 24386, 
and 98 remaining. bur [2 > 5. therafore ad- 


Me ding 1 w- the quotents. ir.15 8734687, for the 


Bumcr apiwering tothedecond perinepatible 
| ; [. | O 


"0p 
of 5 per FR. Aﬀeer this thanner Ire all the Ta- 
bles made, | 

| T Uſe of the Tables. 

" This ſhall be ſhewed in a few Examples, 

Example 1, Intereſt ptofitable, _ 

If 100, give 6165; for one year, what ſhall 
500 h. vive for 17 years, principalk and Intereſt ?' 
Df 2 The Rale, 

/ Multiply the Principall by the Radius, the 
Produft s $ebooogooo , which divide by 
3713643 (which is the number anſwerins to 17 
years in the Table. of 6 per cent.) the quotient 
witt be 1346 33953; of Pounds, Which 1s th: 
juſt ſum bf .5@0 15, with all its compound intereſt, 
at 6 per rent. for 17 years, and-reduced it is 
1246 1i, 75.854. the like way of working will 
effect any queſtion of this nature, which exceeds 
not the Tables intime or rates, 


NOTE. 


 Trthay here Le noted, that if 1346 5. 7 5.8 7.4. 
wete due to be received 17 years hence, it is, ot 
may be called equivalet to thzteceiving'of 560 75. 
1n hand, that is, ſuch a reyerkion is worth 5 06 77. 
mready money, © - 07:7 

- - Andrtherefore by "inveffior of the former Rule, 
ra wr Redarement, ot Incereſt ditriageable b< 
' m0 Tu} £255 157) » ML E343 Ms COS 


R 4 Ex 


(248). | 
Example 2. Intereſ} damageable, 
Tf there (hall be 1000 11, due —_— end of 21 
years, and money run at $ per cent. to be accor- 
dingly rebared, how much 1s this worth in ready 
money ? | 
The Rule, 
In the Table for 8 per cent, finde the number an- 
ſwcring to 21 years,which is 19865 57, multiply 
this by the principal, the product 15 1986557600, 
—_— by radius th quotient 1s 1984922, 
ounds, 
: Thatis, 198 li. r3s, 15d. which is the thing 


req 
Probl. 1. 

If ro00 li. betobe paid at the end of 7 years 
and 5oo li, more 2 years after that, what ſhall 
both theſe be worth, for borne till the end of 13 
years? at 6 pey. Cert, | 
'  See(by the Rule belonging to Example 2. ) 

Firſt, what cach of them is worth at the end of 


their proper termes, 
The firſt is, 665, 0571000 
The {ſecond 2954 9492500 


| | Inall g61,0e6 2500 
Which 1s 2ll that both are worth un ready mo- 


ney. 

Then ſecondly, ſecke (as before ) what g6r, 
0063500 liready money 15 worth 12 years hence, 
rebaring intereſt of 6. per. Cent, It will come to 
; about 479, 4778100 li, for the thing et 

rob, 


[F) 


4 
| 


o 


(249)- 
| Prebl, 2, 

If there be due in ready money 500 /. which 
at the end of 20 years will increale, and be 2330, 
477915 li. what 1s therate of the intereſt here ? 

Take the fifc part of the Number, (becauſe the 
tables are made {a 100 [5.)which is 466,095403, 
and inthe firlt table look for it againſt the number 
20, it willhe found in the rate of 8. per. Cent, 
anduch is the intereſt, -- - 

Or in the third table, 
Say,2330,477015” 10000000/'500' 2145492", 

Which laſt viz. 2145482. being looked for in 
the third table, will be found over againſt the year 
20 under the title of $, per Cent, which ſhews a- 
gaine that the rate of the intereſt is $, per, Cexr. 

And herein the Probleme is not onely cleared ; 
but the uſe of both tables exemplified, 
| Prod. 3, 

In like ſort, if the intereſt, years, and totall in- 
creaſe be given,to find the principal, As if ove re- + 
ceiye 1000 {+, for cogipound intereſt at the rate of 
IO, per, (ent, for 7 years; how much was the 
prineipal ſumme ? 

See in thethird table in the rate of 10.per, (ent, 
what number an{wers to 7 years; it Will be found 
51315$2.which being ſubtracted from 10000000- 
there reſts 4868418, And- then fay, 4868419” 
5131582” 1060" 1054, 269428", That is,the 
principal was 1054 6-1 5, £4, and 2 litth more, 


which'we omits | 


| neeras may be) {ought for 1fi the. third Table un- | 


| which aft bring nukiphyed by 250, andafeerthe 


(250): | 
© Andthe ſame ſum will be found if one uſe the 
firſt Table , where the intereft of x00 15, for 7 
years at 10 per cet. 1s 94;871710, for then 
9453871710 100” 1000' 05455, 15.147, 
and a little more as before. , 
Probl. 4. | 
Or the reft being giyech, ant the time requirtd, 
As if there be 1000 {;;dut atth? end of ſome years, f 
and the Creditor inſtead of it takes 100 1i, reddy |*! 
money, rebating compound interelt at 8 per cert, 
at the end of iwhat years was this at firſt payable ? 
Say 1090 © 100b000E '' -1006 100000d 7, | 


Whuch fontth proportiortall tiumber being (a$ | © 


der 8 per cent, will be found to fall neer 30 years: 
that 15, the time here =. py is almoſt 3b years, 
Prob, 5: 

If 1000 5, be due at the erifl of 4 years, andthe 
parties agtee to have it paid ar' four yeatly pay- 
mers,that 19'2504(rebatthg} 6 per cent; )arthe end 
ofeyery year,how much is togþe paid at each time? 
--x Lookinthe third Table nnder 6 py cenr. for 
3 years, again that the number 9396 rp's ſtands, 


© <4 
_— _n——_— 


prodat divided by Radius, 


; at 15 by 10000900; 
the quotient iq: 206,9048000 /+. that is, 209 lt, 
. 7, for he firſ yearly payment. - © 
2-Inthe fame Tables agamſt > years is found 
the number 8899964 which uſed in all refpeRs 
like that againſt 3 years already done; the quotiy 
27, ap; ent 


F 


Mes, 14 ac 1 © wo 


a. ib. fit... 


. in the ſecondTable for 6 per 


eons 23% 


| hegyonce 
Frh ſomeof theſe" T ables, to 


_ C280) 
efit wil be 222,499 1000, thag i5,2224. 95.11 d, 


| for the ſecond, 


3 And againk x year is 9433962, which be- 
ing akin like the twoformer, the quotient 


1s 3 Degorney ee 235 68, 16 5, 20d, for the 


ayment, 
b ly, Muſt be the full fourth, wiz, 250 {65, 
for that being nor paid otherwiſe then in = 


time, ſuffers no Rebatemeur, 


Prob. 6.. 
1f there be a Reyerfion of a Leaſe or Annuity of 


100 /i, per Annivzand for 11 years to come at _ 


end of 14 years, what is this worth in ready mo- 


. | ney? money being at 6 per cont... 


1 Addezxto 14, it makes 25 years, andlook 


'CEx88 againſt 25 q5 
there ſtands 5486, 7, 2 i likewiſe again 
years 1$ 2201, 9, 4 the difference is 3 384; by 


od, which cannot be. receiyed till the end. ;of 
25 years, Therefore in the third Table for 6: per 
ce, againlt 25 years,finding the borrowed num- 
ber 2329936, multiply it (as bath been ktely 
li.18s. 0d.thatisby 5384-36, 

dryided by 10090000 1574 91672024 


| Thar is reduced 789 45.9 Be FL And fa mugh 
'| isworth ig-ready money 


the Probhis obved. | 
eAll 5 oy CawRat hon farce , if r begnePing' 
likg ne of theſe', yet #he > ori 

nr may. (without "—" Fe 

; and 


his aw | 
illuſtr, 


of which, was chiefly my end! in 
br preceden demands a 


alt 


A 


| | (252) 
' . ., ATablcof the Suns Declination 


p ad 

E S, Jax. | Febru.| Mar. | April | May 7s AY 
|| 2 |- South South- | South North | North | Nor NorJ2 
| [zi ag [13 56] 3 35 [ot ao [ip $643 | 
|| Ljal 39 [13 36| 3 T11log q8i18 13]23 J* 
| 3 ja 29|13 i6| 2 48109 og[18 $,23 13 
| $]21 18]|12 Ss] 2» 2409 27 18 43} 23 4 
E YL I1238 o7 113-.35j-4. 60 09 F340 67123 Is 
— — \ —————_ OO ———o— —__ 
6 ” $6 | 14) 1 37f1o 14119 11443 J6 

| 7 44,11 -53] © 13'10 g5 119 29 [23 17 
| 8 = 32 j Ik 331 0 49 |10 56 I9 38 23 'N 
| '9$|20. 19|11 101 o 26{x33 19] 19 SI| 23 g 
| loJ}20 o6|10 49] © O2|x3r 39120 £4,323 flo 
| — 19. 53 [10 27 © N23 It .48 20 16 123 [' 
20 28] 23 Mz 

20 jo| 33 13 

4 | xt $1*23 Fits 

21 _ if 

EH 13 [23 bs 

19-76 [33 98 [a 


23 | 15. mw 16|23. Yb: 
24 [16 2705 32| 5. 26|16 -63 {22 24 - 2 
25 [16 09. foy- o9, F 149516 21122 31 \F [2 
16 [15 511.04 +46] 6 12}16 Fi (55 3s _ 2 
v2:l 35 33104 ::324 6 34-16 $4122 - 44 | 22 4}: 
$115 14j03.,594 6. $7919-.11-f2» $9 30 
ab 1 MIC 7 9 |17. 25.122. $612% F|2 
44 þy I |; 42 | 17 . 43 ]23 01.42% Fi3 


COTS 3 '06 
” gy # \ % 


" ntls 


(253) 


for the yeare 1654. 


B 


_— — 


Aug. \ Septe, | Oftob.| Nove.\ Dece., 
» | ren CH EY PE 
Yor 2 North | North | North | South | Sonrth | South 
3 [ijzz 10[15 19] 4 301097 09117 36 2; c8 
3 J*132 oli14 gogl 4 071c7 Ab: J3|[23 12 
3 13]?! $3|[14 40| 3 44197 55118 o$8{[2z3 16 
3 $11 44] 14 | = o8 17" 18 24123 '20 
3 js 21 35114 oz3' 2 58 o8 239|18 40 213 23 
3 q46j31 3Ffir3 44] 2 34|09 02118 55ilzg3 26 
; 7121 14,13 25| 2 11,09 24|[19 eg|23 28 
; $]21 04|13 os| 1 48|09 bn, 24 123 29 
} $9[20 F4l}iz 46] x 24]10 wats +. 38 f33 30 
; 20 43|iz 264; 1 01/10 29\19 52123 31 
| 20 31|12 o6| © 37|1s $1|20 of|23, 32 
} 20 19{1It 46} © 14|11 12 20 18,23 31 
20 c7|11 26] oSrte,it 34/20 31|23 31 
; P- $4)! ol © AP S5| 20 43/23 29 
; Is 41 {10 44] o $57 12 15,290 55, 23 28 
| - 7s 28 '10 23] 1 20 | I2 36|2T 06 23 26 
; 19 15[lo oz; 1 44|12 5720 17,23 33 
| 19 ot|cs 41] 2 074,13 17i121 28[23 20 
: 18 47109 20! 2 31[13 37]|21 33123 19] 
| JE: 33 |os. 58 | 2 546|13 53|21 48[23 13 
 'F21]|18 18408 36| 3 18]14 16,21 57/233 of 
- F224 18 oz o8 15] 3. 41114 36 | 23 06\23 ©3 
9s. P3 Iy 47107 53] 4 8x5 $5122 151223 58 
| 24 | 17 32107 31| 4 23|15 14|[22 23) 22 52 
| 125 , 17 16 | o7 093 4 jr 157 33123 31] 223 46 
26 | 17 o9[ 06 | 5 14]15 $51{2>: 38 22 39 

16 43]06 241 F 3816 Og 123 4523 

j 16 26 ' os -\ 6 60 7 16 27 |22 Fl] 22 

I6 ogjog 38] 6 23,16 45/22 57,22 

-IF F205 161] 6 Uh ©02|23 £3423 

131i I5 34104 53 [19 19 | ar 


| ( 455) 
Poſticripe, 


He reaſon why-in Chap, 15. I did not 


| (as Des Cartes) continue the method ro 


Surſolid Problemes, is becauſe the des 
| {cription of ſuch curve. lines, is not only. - 
[difficult and laborious, but (as he confeſſeth) in-: 
commodious : And although he faith itiscahe to 
[finde a thouſand other ſorts of- wayes., amongſt 
which fome might be. better, yer, 1 conceive 1t.1s 
eaſier for any man to believe thaz Des Cartes ha- 
ving found one way might be allowed to fay this, 
then for that other men to fnde any one other « 
Way. better and eaſier, And Des Cartes gives 
but only one Example, which 1s to finde four * 
"Means , and omits quinquileftion of ' angles, 
which might have been of ſome uſe y. whereas the- 
ther'is but of little, | 
For the priucipall uſe of two Means ſeemsto 
'þe1n RR the Cube, or in making reQangle: 
 Parallelepipedons, retaining any-proportion gi." 
en, __ three dimenſions KA ſhall be od | 
Pxrtionall : or the like of Sod Rhombj, or ob- 


lque 


Fo ba 4 1 
allelepiedons, all which are bodies ts 


ndled, whereas four or more means 


#To emplo 


HMund; (the begitining almoſt) ſeems to prove 
that there can be bur thiee dimenſions in nature. 


Neverthelifſe, if” any one happen to diſcover | 
, he may then as well de- | 


the Biquadraticall B 
monltrate that there'can be bur foure. 
And yyer; more, ſeeing ſome Xquations of 6, 


dimenſions require a <ircle to touch or cut a curye | 


line n'6- points, whichcannot be done but yery 
obliquely, the method therefore here'growes un- 
uſefull: and for ſeptiſeion, and Aquations of 8 
or more dimenſions, it will be untufficient. 

E, If for all this, any _ oo a —_ ſurſo- 
ids, his zquation, by ſome rules go! oreg or 
here following, —— reduced 0%, Ta: 


ployed require bodies of four 6r' more | 
mentions, of which we hayeyet-no fancie, - + 
Belides, Galileo in his Book called Syffema 


8 ba® boat — da) + 
In which 1tbehoyeth that the quantity called & 
be greater then the _ of 7 6. 

.Inthe ſeG1on 6, 
is:ſhewed howall the falſe roots in any zquatio 
may be made true, 

Alſo in- Rule the: ſecond of that Chap, it was 
ſhewed how to-free the zquation from the ſecond 
term*, There remaines three other Rules now c 
fome uſe, | 


fa4—g'4a-rh=0 


: kl 


the firſt Rule of Chap. 4. it 


SO WW 


- «E-4 
bo hd . 


NS To cauſe the known quantit of the thi te 
IC | tobe greater then the {quare'of the like in the: 
'| cond, andalſo to chaiige the falſe roots to true; 


ones, without cauſing rhe true ones to become 
We falſe, Encreaſe the true Roots by a quantity 
= | greater then any of the falſe Roots, Fof ture it 18 


| poſſible ro guelle ſuch a quantity , alchough the 
ans falſe roots be uriknown, me 


Example, inthe #quation-Faa a a-þ-b a%— 


a7 a—6caa—ddda-t-fﬀfff=o0 
— ut a 366 Then it wyll bs 

Le* —2be ee | 
un. + — 2be* bq4bbee — 2bbbe } 
0 be bbbee—2bbbeb- bd 

| — 3bbee+ 3bbbe+b*V _ 

irſo- | -—=O 
_ Fcocee—2berebbbee 
5 | — ddade—dddb 
| +frrf 
«PRE That 1s 


| —bYe—2bece—d'e 


= 0 


+ 0% — 26 e' + 5bbee + ccee 
+ 26*4+bbec—dddbbffff C 
poked es, +4)=h* 
b] cempo&@b*'k-26ce =b 
Andlafly,24=Ebbcobf* —bd* =1111 
| Then it 1s + 
4 Pe*—3be) d-ggee — b *t-þ{111=0 
oy: In which zquation all the Roots are true by Set. 
5. Rule Is Chap, 4. S yY 


R ” LT O , 
. 7 ave i 
o 3 
gs 4, 


+* 
, 4 &; 
eget % 3 
% I pb 
5 F 
" 
And | 


» 4 2 - "4 
+ ms Fs LOT | 
' _ , ** RN. Po a 8 
Ly «4 = 
; "P * TL. Eno ere OT , 
to C "X » hd 4 C4 * F wy ach + : 
| Y We EEE an l 
ULE x, nd EI 
4 + | 
p ov £ . 


—agoondly, it is manufeſt that g g, which is 
i Ripe /3 yrs of the third terme, being e- 
lt 5 þ þ + cc is greater then $66, which is 

tp fquare of halfe the known quantity of the ſe- 

= Hndterm, | 

- © Thaveinſtanced inan Aquation of but 4 di- 

menfions, for breyity ſake , the work is true, or 

may be ſo, in thoſe of fix dunenfions, which they 
that reſolye furſolid Aquations will be pur to, 
; RULE 21, 
© If yet any term of 'the £quation be wanting, 

Encreaſe the Root e never ſo little, and therel 

all the places will be filled : As praQtiſe willſhew, 
' hb -& & oof DS OV 
If the Xquation have but 5 dimenſions, it muſt 

| bebronghtup to6as followeth, Let it be 

| o+4f—6b4* —dddaatfia—gi'=o 


In Read of it wric 


\Y v 


And make e— q= a, and the thing will be 
effected which was defired: ' , ._ = 
So if betweentwo lines given b & czand cb, 
It be required tofinde 4 meancs, putting 4 for the 
lefler / mean, the + Aquation will, be + af = 
== bbbb c,thatis + 4.*=£6*, And the places 


_. notſo)) by the 3d. Rule. 
| NOTE 


L 


= o + 
: ; TAk EE 
4” £4 n 


ba —ba' —d' aaa+ffaa—g'a=0 


tt 


# a =«@ kw BY FPS 


ay * > er A = A as 


which are empty .may be filled up by 'the {econd 
ule : and brought to. 6 dimenſions ( if yet itbe Fi 


> { All Aquations whoſe dimenſions are expreſ- | 


bs bp | ſed } 


] of the fifc part required 4, Then — 7x 


numbers, can by no meantsbebtoniihe- © 
d, fewer dimenſions by any artificelap** 
can L. uſed : and for this reaſon the 1nventiongſe.5. 
any eyen number of means is much harder the”... 
| to finde anodd number of the like, fo here where: % 
to | finde' foure meanes runs to an Aquation 
aaaaa=bbbbs, the Probleme is ablolutel 
Surſolid:but to find five meanes is as cafie almoſt, 
as to finde two, for the worke brings us to the. A. * 
quation 4 ® =« b * 'which by the, 5 Chapter may 
be brought downe to the Equation. 444=cdf." 
-or to 444 = dd dif the: Probleme: be plaine, 
that isaf it be 7.4" f 7” otherwiſe' by making” 
d f=—=g git may be a44=g ge. andthe root 
A, ow by a portion of a Parabolz, as in the caſe 
of two means, Chap. 14. fs nn gil'® 
; Laftly, for” quinquiſetion, che Radius being 
unity, put the whole ſubtenſe 4, The lubtenſe_ 


aaa; 4 —b =0, Asis demonitrated by 


Pitiſcus, in his making the fines, Probl, 5, and; 
ſhall here need no proofe, 


a' —5rra? + Yr rARS rr7h Iſt A 
Afterward by Rzle 3 1t may be done, -- 18 


i 
- 6 an * 
- _ . 
: 


yen this is: done, the rena | 
45 rack ConſtruMon as Demon. 4 
ang tothe method propoſed by Des Caytes 
rj je done alſo, bur the doing will be both tedi- 
> ous End inericace. K: 
Ws And therefore I ſhall no further proſecute the 
faid Mechod;& for uſe,ſeC&tis of angles 1 in generall 
S Fr 55 doneby.the&Rule of Falſe Poſitions, as the 
- ſaid Pitsſcos made: his Canon of -Sines, But the 
* Canonot Sines, the late Pririce of Mathemati- 
_ ciats/” £ E:F;A, vouchſafes to call The © Mathe- 
— mutical Canon. ' Nevertheleſſe , if the induftri-. 
= ous Reader defires more exactnefſe (1 mean in 
== Thearie) according tothe former Method, or any 
We on -orher which he ſhall finde better for his purpoſe, 
Fla ” he may proceed at pleaſure, | I 
3%. ef Rye for ſquaring binomial rod which 
*  - ; .-ſhowld have beentin Chap:6, 
Mulriply he quantity to which RH fig ae y be-! 
\ longyyi into. the ſquare'ofthe Cotfficienr , andthe! 
_ product 18the {quare. required, k 
Example in Numbers, 
oe ſquareof 34/7 be required, multiply 7 into 
py the product 1$ 63, the ſquare required. 
Or, Itthe(quare of 44/9 be demanded, 9 in- 
| Lpyeayt 144; which1s the: ſquare de- 
; the like of all _ This nee = 0 
eq Pay And this ſhews that a 
Fo wenatl in power "TA 


þ 
F f 
Sg Ids \14 


«fs fl 
&- i "= a% 
, ” fx; 4 - 
da + 
, "97 3 þ . ; 
4 . 4 4 


a Cen —_ 


